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ADVERTISEMENT 


TO 


THE FOURTH EDITION. 


jSK the arrangements had been completed with the 
;nt proprietors of this ‘ Dictionary of Terms ’ by which 
lertook the responsibility of producing a new Edition, it 
me a matter of serious consideration how to increase the 
mess of the work, without impairing the interest, which 
dently belonged to it, r 3 it left the hands of Mr. Weale. 
3 sale of twenty thousand copies of the three first editions 
die book was a sufficient proof that a want had been supplied 
id that a work of considerable interest had been produced, 
t therefore appeared desirable to preserve, as far as pos- 
e, the interesting character of the Dictionary (which evi- 
tly was secured by giving to many of the articles something 
,n Encyclopedic style),'while a mt>re systematic arrangement 
attempted— ►amkAmAaffi&infi for- & ifar^te number of terms 

f rictly belonged ter the subjects embraced, without in- 
the size of the volume. 

.re those ends, all the biographical notices which 
cui in the previous editions have been omitted. They 
0 not entirely consistent with the first plan of the book, 
even if they had been so, the notices were far too few in 
•r to represent with any degree of accuracy the men who 
^--mished themselves in the Technical Industries in- 
j in those Arts, the terms used in which are given 
ork, and they certainly conveyed no information in 
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connection with, the history of the efforts of human thor ight, 
out of which the Terms explained have arisen. 

Several articles of an abstruse character, having no rel; ition 
to technology, have been made to give place to terms v hich 
have been created during the rapid progress of human k now- 
ledge, and especially of the applications of science, during > the 
last few yeais. 

It is hoped that the book, in its present form, "'Hill maintain 
the character stamped upon it by its producer . To ensure 
this some of the longer articles have been retained nearly as 
he left them — such additions only having been made aiv; were 
rendered necessary by the improvements and discoveries f which 
have recently advanced our knowledge. ) 

It is believed that but few terms generally used in th ’,e Arts 
have been omitted. It was necessary to make a careful se? lection 
from the terms employed in Physics and Chemistry, if^nch 
terms only have been given as have a direct bearing upon Uhe 
applications of those sciences to the useful purposes of life. «. 

With these explanations the volume is submitted to tlAe 
public, in the earnest hope that it may prove of much r> a J 
utility to the constantly increasing number of students, Hyho 
are devoting their attention to the improvements of hurrijian 
industry, and be of use to all who desire to possess a boolj 
reference, on which they may rely, when any difficulty ar 
as to a Technical Term. 


It. H. 
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AUTHOR’S PREFACE 


TO 

THE SECOND EDITION. 


It was intended that the contents of this work should be 
comprised within the space of about one hundred and fifty 
pages, and thus form a single volume of the series of ‘ Rudi- 
mentary Treatises ; ’ but in the course of its compilation it 
soon became apparent that such confined limits were wholly 
inadequate to the admission of explanations of terms which, 
although not immediately connected with the subjects men- 
tioned in the title-page, were yet deemed essential to their 
further amplification : its utility as a book of reference will 
therefore, it is hoped, be found commensurate with its neces- 
sarily increased extent. 

Since the publication, in 1819, of Mr. Peter Nicholson’s 
elaborate ‘ Architectural Dictionary,’ in two quarto volumes, 
changes of vast import have occurred : the field of practical 
science has been widely extended, and proportionately occu- 
pied by a new generation of professional men and students ; 
important advances have been made in the arts of design and 
construction ; and the extended application of steam as a 
motive power has not only produced an extraordinary deve- 
’opment of the means of internal communication, but sur- 
nounted those impediments which considerations of space and 
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time formerly presented to the pursuits of men in quest of 
business or pleasure, — thus influencing, to a great extent, the 
various operations by which the wants and luxuries of civi- 
lised life are supplied. 

In a ratio proportionate to the rapid extension of what may- 
be strictly termed practical knowledge has the study of the more 
pleasurable sciences also progressed : archaeology, architec- 
ture, civil and mechanical engineering, geology, etc., have 
exercised a powerful and captivating influence, which has 
gradually led to the incorporation of societies or associations 
devoted to the cultivation and advancement of the several 
branches of human knowledge ; and hence has arisen an 
extensive class of non-professional men, who, however duly 
acquainted with scientific principles, may yet be anxious to 
possess any easily available means of becoming familiar with 
the nomenclature and the technical language necessarily 
employed in a series of rudimentary treatises on the practical 
arts and sciences. 

Within the period already adverted to, much professional 
taste and skill have been displayed in the erection of public 
buildings, in the construction of engineering works of vast 
magnitude and importance (both at home and abroad), and 
in the invention of the improved machinery employed in the 
arts and manufactures of the country. These and similar 
causes have combined greatly to augment the ranks of a 
meritorious and useful class of men, among whom, more 
especially, new wants may be said to have been created,— a 
class which comprises no inconsiderable number of ingenious 
operative engineers, artisans, etc. ; and to such this work may 
become interesting and useful, however insufficient it may 
prove to those ali-eady advanced in their professional pursuits. 

Should, however, the paucity of information contained in 
the following pages induce others more competent to the 
task, and who have sufficient leisure for the purpose, to devote 
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THE SECOND EDITION. rii 

their talents and time to the production of a more comprehen- 
sive and more valuable compilation, some share of useful 
information will at least have been contributed to the means 
of supplying the wants of an improving age. 

The slender efforts here placed before the reader were ac- 
complished, by the aid of the lamp, after the hours usually 
devoted to the labours of business, and they are now, with 
the most humble pretensions, submitted to public approval. 
It has been well observed, that the * language of truth is 
simple : ’ no attempt has here been made to trace the deriva- 
tions of the scientific or technical terms which have been 
adopted ; they are given and explained as generally written, 
spoken, and understood at the present period, and care has 
been taken to avoid surreptitious or unauthorised versions, 
with the view of correctly guiding the student and the opera- 
tive workman in the onward path of knowledge. 

Some analogous explanations and references may probably 
appear, at a first glance, as superfluous, and to detract from 
the merits of the work ; but when it is considered how nu- 
merous and varied, in the present age, are the ramifications 
into which the employment of those engaged in the building 
and constructive arts has been extended, and how earnestly 
the searchers after technical terms and meanings must desire 
the acquisition of a knowledge of what may not inaptly be 
designated as a correct disposition of fine art, any - unfavour- 
able impression of this nature, hastily formed, will probably be 
removed upon mature reflection. 

In referring to the series of ‘ Rudimentary Scientific Works’ 
to which this 1 Dictionary of Terms ’ will, it is presumed, be 
leemed an appropriate Companion , it is proper to mention 
hat the first suggestion as to their publication emanated from 
he late Major-General Sir William Reid, of the Corps of 
.oyal Engineers, and myself. Sir William kindly con- 
ibuted, as a commencement, Professor Fownes’s ‘ Rudi- 
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mentary Chemistry.’ This elementary treatise, the first of the 
series, and to which the recommendation of Sir William Reid 
was limited, had been printed originally at his own expense 
for the laudable and special purpose of adding to the nu- 
merous educational and scientific works which he had already 
distributed among different classes in the West India colonies. 

To Major-General Portlock, R.E., E. B. Denison, Esq., Q.C., 
and to Alan Stevenson, Esq., of Edinburgh, James Peake, Esq., 
of Keyham (H.M.) Dockyard, Sir R. Macdonald Stephenson, 
Charles Wye Williams, Esq., of Liverpool, William Bland, Esq., 
of Hartlip, Kent, Hyde Clarke, Esq., David Gibbons, Esq., 
Joseph Gwilt, Esq., and to others who have so liberally con- 
tributed their aid in the production of the extensive treatises 
I have to acknowledge my obligations. 

Of the First Edition 10,000 copies have been sold. The 
present Edition, the second, has been revised with care, and, 
it is hoped, will be found to be considerably improved. 

John Weals. 


69 High Holbobn: Mai /, I860, 



LIST OF THU WORKS WHICH HAVE BEEN CONSULTED IN 
THE COMPILATION OF THIS DICTIONARY. 


Adcock’s Rules and Data for the Steam Engine, etc. 12mo. 1839. 
Aide-Memoire to the Military Sciences. 3 vols. 8vo. 

Architectural Papers. 4 vols. 4to. 

Bartol’s American Marine Boilers. 8vo. 1851. 

Blashfield’s Terra Cotta Vases, etc. 4to. 1S57. 

Britton’s Architectural Dictionary. 4to. 1838. 

Buchanan’s Technological Dictionary. 12mo. 1849. 

Practical Essays on Mill-work and on Machinery and Tool*. 

2 vols. 8vo. Edited by George Rennie. 1841. 

Builder’s (The) Dictionary. 2 vols. 4to. 1788. 

Bury’s Style of Architecture. 12mo. 1855. 

Calmet’s Dictionary of the Bible. 8vo. 1848. 

Campbell’s Text-Book of Inorganic Chemistry. 12mo. 1849. 

Castell's Villas of the Ancients, fol. 1728. 

Clegg’s Essay on the Architecture of Machinery. 4to. 1842. 

Manufacture and Distribution of Coal Gas. 4to. 1848. 

Dana’s Seaman’s Vade Mecum. 12mo. 1856. 

Dempsey’s Practical Railway Engineer. 4to. 1855. 

Dictionary of Painters, Sculptors, and Engravers. 8vo. 1810. 

Divers Works of Early Masters. 2 vols. imp. folio. 1847. 

Dobson’s Student’s Guide, by Garbett. 8vo. 1858-9. (A new Edition of 
this work, edited by E. Wyndham Tarn, M.A., was published in 1871 
by Lockwood <J- Co.) 

Dodd’s (Ralph) Observations on Water. 18mo. 1805. 

Ensamples of Railway Making. 8vo. 1843. 

Engineer and Contractor's Pocket-Book for 1859. ( Continued to the present 
time (1873) by Lockwood and Co.) 

Engineering Papers. 6 vols. 4to. 

Ewbank’s Hydraulics and Machinery. 8vo. New York, 1849. 

Fairbairn on Cast and Wrought Iron for Building Purposes. 8vo. 1858. 
Fergusson’s Rock-Cut Temples of India : plates folio, text 8vo. 1845. 
Field’s Chromatography. 8vo. 1841. 

Garbett (E L.) on the Principles of Design in Architecture. 2 vols. 1852. 

{New Edition of the above was published by Virtue $ Co. 1867.) 
Glossary of Architecture. 3 vols. Oxford, Parker. 1845. 

Greir’s Mechanical Dictionary. 12mo. 1850. 

Gregory’s Mathematics for Practical Men : large 8vo. 1848. {A New Edi- 
tion of this work, edited by Prof. J. B. Young , was published in 
1862 by Lockwood Co.) 



X 


LIST OP WORixS CONSULTED. 


Gwilt’s (Joseph) Encyclopaedia of Architecture. 8vo. 1 857. 

edition of Sir William Chambers’s Civil Architecture. 

2 vols. imperial 8vo. 1824. ( A Cheap Edition of the above in 1 voL 
was published by Lockwood § Co. in 1862.) 

Notitia Architectonica Italians. 8vo. 1818. 

Hamilton on Terms used in the Arts and Sciences. 12mo. 1825. 

Hann’s Theoretical and Practical Mechanics. 8vo. 1819. 

Hann’s etc. Theory and Practice of Bridges. 4 vols. in 3 : large 8yo. 1858. 
Holtzapflel’s Turnery and Mechanical Manipulation. 3 vols. 8yo. 1848. 
Homersham on Water supply to Manchester and the adjacent Towns. 
8vo. 1849. 

Hunt’s Tudor Architecture, 4to. 1830. 

Hutton’s Mathematical and Philosophical Dictionary. 2 yoIs. 4to. 1815. 
Jamieson’s (Dr.) Dictionary of Mechanical Science. 4to. 1827. 

Mechanics for Practical Men. 8yo. 1830. 

Leeds’s Rudimentary Treatise on the Orders of Architecture. 12mo. 1855. 
Meason’s Architecture of the Great Painters of Italy. 4to. 1828. 
Meteorological Society’s Transactions, vol. i. large 8vo. 1839. 

National Encyclopaedia, by Mr. Charles Knight. 

Nicholson’s Architectural Dictionary. 2 vols. 4to. 1819. 

Mechanical Exercises. 8vo. 1819. 

Normand’s Parallel of the Orders of Architecture, by Pugin: folio. 1829. 
Palladio’s Architecture, with Notes by Inigo Jones. 2 vols. folio. 1742. 
Pambour’s Practical Treatise on Locomotive Engines. 8vo. 1840. 

Papers connected with the Duties of the Corps of Royal Engineers. 10 vols. 
4to. 1835-1849. 

Papers and Practical Illustrations of Public Works, both British and Ame- 
rican. royal 8vo. 

Pole on the Cornish Pumping Engine. 1 vol. 4to. folio plates. 1844. 

Pryce’s Treatise on Mines and Minerals : folio. 1773. 

Pugin’s True Principles of Pointed or Christian Architecture. 4to. 1841. 

Apology for the Revival of Christian Architecture in England. 

4to. 1843. 

Reid (Major-General Sir Wm.) on the Law of Storms : large 8vo. 1850. 

Variable Winds : crown 8vo. 1857. 

Rennie’s (Sir John) Harbours, Docks, and Coast Engineering. 2 vols. imp. 

folio. 1855. 

Repton’s Theory and Practice of Landscape Architecture : large 4to. 1805. 
Rich's Companion to the Greek Lexicon and Latin Dictionary. 8vo. 1849. 
Smeaton’s Reports. 4to. 1837. 

Smith’s Classical Dictionary: large 8vo. 1849. 

Stephenson’s (Robert) Report on the Atmospheric Railway System. 4to. 
1844. 

Stuart’s Antiquities of Athens. 4 vols. folio. 

Taubert’s Use of Field Artillery in Service, translated by Lieut. H. H. 
Maxwell. 1856. 

Templeton’s Workshop Companion, 1858. (A tenth Edition, enlarged and 
improved, was published by Lockwood $ Co. in 1870.) 

Thorman’s Taunus Railway. 4to. 1846. 

Tomlinson’s Rudimentary Natural Philosophy. 12mo. 1856. 

Transactions of the Institution of Civil Engineers. 3 vols. 4to. 1835-40,. 
Tredgold on the Steam Engine. 2 vols. 4to. 1838-1849. 



LIST OF WORKS CONSULTED. 


xi 


redgold on the Strength of Cast Iron. 8vo. 1842. (A new Edition 'published 
in 1860 by John Weale.) 

'red gold’s Elementary Principles of Carpentry. 4to. 1 856. (A revised and 
cheaper Edition of this standard work , with additions by Peter Barlow , 
F.R.S., was published in 1870 try Lockwood Sp Co.) 

Jitruvius’s Civil Architecture, by Wilkins : imperial 4to. 1812. 

Watson’s Account of Clines. 8vo. 1843. 

Wicksteed s Experimental Inquiry into Cornish Engines. 4to. 1845, 

Work on Cornish and Roulton and Watt Engines. 1846. 

Wightwick’s Hints to Young Architects. 8vo. 1846. 

Williams (Chas. Wye) on Combustion. 2 vols. 12mo. 

Willis’s (Professor) Architectur.il Nomenclature. 4to. Cambridge. 

System of Apparatus for the use of Lectures. 4to, 1841. 

. *And lastly, The Dictionary of Architecture, by the Architectural Publication 
! Society, of which several Parts in folio have already appeared. To 

this really learned and valuable work I am indebted, and acknow- 
“ ledge with much pleasure and thankfulness the several extracts 

made from it, and testify to its great utility to the profession at 
large. 


*** In add [t inn to the ahov' 1 the following works have been used in the 
prcpuranon of the Fourth Edition. 

AppbbCs Handbook of Machinery andiron Works. 8vo. 

App eto"'s Dictionary of Machines, Mechanics, Engine Work and 
' Engineering. 

*,$ Atkinson's Elementary Treatise on Physics. 5th Edition. 8vo. 

Baird’s Cyc pedia of the Natural Sciences. 8vo. 

. Bauerman’s Treatise on the Metallurgy of Iron. 3rd Edition. 12mo. 
. 1872. Lockwood Co. 

J Bentley and Redwood’s Abridgement of Pereira’s Materia Medica. 1 voL 
l 8ro. 1872. 

t B’oxam's Metals, their Properth-s and Treatment. 8vo. 

*« Braude’s Dictionary of Science, Literature, and Art. 3 vols. 8vo. 1871. 
i Bristow’s Glossary of Mineralogy. 12mo. 1861. 

! Burgovne’s Blasting and Quarrying of Stone. 12mo. 1868. 

. Burnell’s Limes. Cements. Mortars, &c. 9th Edition with Appendices. 12mo. 
i 1872. Lockwood <Sf Co. 

j Chapman's Treatise on Rope-making. 8vo. 

j Collins’s Handbook to the Mineralogy of Cornwall and Devon. 8vo. 1871. 
' Cotta’s Rocks Classified and Described. 

Crookes’ Chemical News. 

Crookes on the Minufacture of Beet Root Sugar. 8vo. 1872. 

De La Beebe's Geology of Devon and Cornwall. Svo. 

Fairholt's Terms in Art 

Fox’s Ozone and Antozone. 8vo. 1873. 

Glossary of Mining Term**. l*2mo. 1872. 

G wilt's Encyclopaedia of Architecture. 5th Edition. 8vo. 

Hall’s Series of Technical V oc.ibularies in Eight languages. 

Hu.il s Coal-fields of Great Britain. 1873 

Hunt’s (Robert) Mineral Statistics ot the United Kingdom. Svo. 1872. 

■ Institute of Civil Engineers’ Transactions. 1840 to 1872. ' 



LIST OF WORKS CONSULTED. 


xii 


Lambom’s Metallurgy of Copper. 5th Edition. 12mo. 1873. Lockwood Co 

Metallurgy of Silver and Lead, 5th Edition. 12mo. 1870. 

Latham’s Dictionary of the English Language. 4 vols. 4to. 

Law and Burnell Civil Engineering. 5th Edition. 12mo. 

Lawrence's Translation of Cotta’s Rocks. 1866. 

Loudon’s Encyclopedia of Plants. 8vo. 

McCulloch’s Dictionary of Commerce and Commercial Navigation. 8vo. 1871. 
Miller s (ffm. Allen) Elements of Chemistry. 3 vols. 8vo. 

Morgan’s Manual of Mining Tools. 12mo. vol. of text. 4to. Atlas of plates. 

1871. Lockwood A Co. 

Nicholson’s Manuil of Paleontology. 8vo. 1872. 

Odiing's Outlines of Chemistry. 

Page’s Handbook of Geological Terms. 8vo. 

Percy's Metallurgy. 3 vols. 8vo. 

Pereiras Elements of Materia Medica and Therapeutics. 3 vols. 

Ramsay’s Geology of North Wales. 8vo. 1871. 

Ramsay’s Physical Geology and Geography. 3rd Edition. 8vo. 1872. 
Records of the School of Mines. 8vo. 

Reid's Practical Manufacture of Portland Cement. 8vo. 2nd Edition. 
Sabine’s History aRd Progress of the Electric Telegraph. 3rd Edition with 
additions. 12mo. 1872. Lockwood tf- Co. 

Simmons's Technologist. 

Smyth s Coal and < r,,i| Mining. 2nd Edition revised and corrected. 12mo. 

1872. Lot k a 'it id A Co. 

Spon’s Dictionary of Engineering, Civil, Mechanical, Military, and Naval. 
1809-1874. 

Statistical Society, The Journal of the. to 1S72. 

Thomson’s Conspectus of the British Ph.irmacopceia. 18mo. 

Ure’s Dictionary of Arts, Manufactures, and Mines. 

Watt’s Dictionary of Chemistry, &c. 5 vols. 8vO., and 2 Supplements. 
Wood’s Notes on the Metals. 8vo. 2nd Edition. 1871. 

Besides the above, much information has been obtained from those 
newspapers whith arc the organs of special industries, from Parliamentary 
returns, and other sources. 


R. H. 



DICTIONARY OF TERMS 

USED IN 

ARCHITECTURE, BUILDING, ENGINEERING, 
MINING, METALLURGY, ARCHEOLOGY, 

ilATVI ABACUS. ABA 


Aam or Aum, a measure for wine and 
oil used in Holland. The quantity 
varies from thirty-six to forty-one 
gallons. 

Aaron’s-Rod, an ornamental archi- 
tectural figure representing a rod with 
a serpent entwined about it ; impro- 
perly called the caduceus of Mercury. 

Aba, a woollen stuff, manufactured in 
Turkey. 

Abaca, the Indian name of the hemp 
of the Philippine Islands. 

Abacia, in antiquity, a kind of roll, 
resembling a bag. 

Abaciscus, the diminutive of Abacus, 
small tesserce or square stones, for 
tessellated pavement. 

Aback, a sea phrase, denoting that 
the sails are laid flat against the 
mast by the wind. 

Abacot, the cap of state, a double 
crown formerly worn by the sove- 
reigns of England. 

Abaeulus, a small table or desk ; also 
a small tile of glass, marble, or of 
coloured clays, used in pavements. 

Abacus, an instrument used by the 
ancients for numerical calculations. 

A small tile or covering member 

of a capital, varying in the several 
orders : in Grecian Doric square, 
without chamfer or moulding; in 
Roman Doric it has an ogee or fillet 
round the upper edges ; in the Tuscan, 
a plain fillet and a cavetto under it ; 
in Grecian Ionic it is thinner, with 
6 


ovolo only ; in Roman Ionic, an 
ogee and ovolo, and fillet above ; in 
the Saxon and Norman styles, and 
in early English, it varies in form 
and substance. A rectangular slab 
of any material, plain or coloured, 

used for coating rooms. A table 

strewed over with dust or sand, on 
which the ancients used to draw 
their schemes and figures. Also a 
multiplication-table, in form of a 
right-angled triangle, or (in old 
records) a counting-table, used for 
calculations and schemes. 

Abacus major, a large trough to 
wash in. 

Abaft, towards the stern of a ship. 

Abaiser, burnt ivory, or ivory-black. 

Abamurus, a buttress or second wall, 
added to strengthen another. 

Abas, a Persian weight, one-eighth of 
a carat. 

Abated, sunk or lowered. ‘The 
Marbler ’ ‘ agrees that all the 

champes about the letters are to be 
abated , and hatched curiously, to set 
out the letters/ 

Abatement, a carpenter’s term used 
by old authors, signifying the waste 
of a piece of stuff by forming it to a 

designed purpose. The name given 

to a discount for prompt payment. 

Abatis, a military term for a fence 
placed to impede the advance of an 
enemy. It usually consists of sharp- 
ened poles, laid with points out* ^ 
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ABERRATION. 


ABS 


wards, to impede assailants attempt- 
ing to scale a fortress. 

Abat-jour, a sky-light, or aperture 
for the admission of light. 

Abattoir, a building appropriated to 
the slaughtering of cattle. 

Abat-vent, the sloping roof of a 
tower ; a penthouse. 

Abat-voix, the sounding-board over 
a pulpit or rostrum. 

Abbess, the lady superior of an 
abbey for women. She must be 
not less than forty years old, and 
hav*e professed eight years. 

Abbey, a building annexed to or ad- 
jacent to a convent or monastery, 
and the whole combining a series 
of buildings for the accommodation 
of a fraternity under ecclesiastical 
government. 

Abbey Gate-house, a lodge for 
warders or porters at the entrance 
of an abbey edifice. 

Abbot, the* superior of a monastery 
of monks erected into an abbey or 
priory. 

Abbot’s Lodgings, in the early 
times of English ecclesiastical ar- 
chitecture, a "complete house, with 
hall, chapel, and every convenience ' 
for the residence of a spiritual baron. 

Abb -wool, a clothiers name to the 
yarn of a weaver’s warp. 

Abbreviate, to contract a word in 

' writing or printing. 

Abbreviations, in writing generally 
the substitution of letters for words, 
as a.d. (Anno Domini), the year of 
our Lord, b.a. Bachelor of Arts ; in 
music, a stroke placed over or under 
a note to signify its division ; in 
arithmetic, the process by which a 
fraction is reduced toils lowest term. 

Abele-tree, a species of white 
poplar. 

Aber or Abber, the fall or emptying 
a lesser water into a greater, as of 
a brook into a river : hence several 
towns situated on or near the mouth 
of rivers derive the first parts of 
their names, as Aberystwyth, Aber- 
gele. 

Aberration, a term used to designate 
three optical phenomena. 

1. Aberration of Light , a curious 
appearance of displacement amongst 
the stars arising from the earth’s 
motion and the definite velocity of 
a ray of light. 

2. Aberration of Refrangibility , the 


dispersion of the rays of light when 
refracted by a lens. The refrangi- 
bility of the rays being unequal, 
when they traverse a lenticular 
glass, they have as many sets of foci 
as there are colours. 

3. Aberration of Sphericity, the dis- 
persion occasioned by reflecting or 
refracting a beam of light from a 
spherical mirror or lens. 

Abezzo, the resin of the Pinuspicea or 
silver fir, called also Strasbourg tur- 
pentine. 

Abies, the name of all those fir-trees 
which have their leaves growing 
singly upon the stem and the scales 
of the cones round. 

Abies Balsamea, the halm of Gilead 
fir, producing the Canadian Balsam. 

Abies Canadensis, the hemlock 
spruce fir, producing the essence of 
spruce. 

Abies Picea, the silver fir, producing 
the Burgundy pitch and Strasbourg 
turpentine, both used in the arts. 

Abietine, a resin found in turpentine. 

Ablactation, in gardening, the me- 
thod of grafting. 

Ablaqueation, the opening of the 
ground around the roots of trees, for 
the admission of the air. 

Ablette, the French name for the fish, 
— the bleak, — with the silvery scales 
of which artificial pearls are manu- 
factured. 

Aboard, a nautical term, the inside 
of a ship, or to be on board. 

About-ship, the situation of a ship 
after she has tacked. 

About-sledge, the largest hammer 
employed by smiths; it is slung 
round near*the extremity of the 
handle, and generally used by undei 
workmen, called hammermen. 

Abozzo, an Italian term for a first 
sketch or dead colouring, called by 
the French frolic. 

Abrasion, the effect produced by at- 
trition or rubbing. 

Abraum, a red ochre, used in Eng- 
land to give a red colour to new 
mahogany. 

Abreast, as when two ships have 
their sides parallel. 

Abreuvoir, in masonry, the inter- 
stice or joint between two stones to 
be filled up with mortar or cement. 

Abscissa, a geometrical teun for a 
segment cut off from the straight 
line by an ordinate to a curve. 
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sintiL (wormwood), a liqueur made 
ith it is so called and largely used 
\ France. 

,'sis, Apsis, or Apse, the end of 
[he choir of a church, whether its 
Form be a semicircle, a polygon, or a 

rectangle. The ring or compass of 

[a wheel. 

>sorbents, in chemistry, those sub- 
stances capable of holding by ab- 
sorption or otherwise a large pro- 
port ion of water . such as dry 
magnesia, lime, and clay. 
L.bsorbent Grounds, a uirface pre- 
pared in distemper to imbibe the 
excess of oil mixed with the pig- 
ment. 

Lbsorbing-well, a shaft or boring 

sunk into a permeable stratum for 
removing either the excess of drain- 
age-waters, or the foul waters pro- 
duced by manufacturing purposes, 
absorption is the successive and in- 
timate penetration of gas, or a liquid, 
into any substance ; but familiarly, 
the taking up of moisture, by capil- 
lary attraction; applied also to a 
body receiving heat. (See Occlusion.) 
Jbstergent, having a cleansing pro- 
perty, as is evidenced in Fuller’s 
Earth. 

.bstract (To), a term used by arti- 
ficers and surveyors in arranging 
— and apportioning their work, to ex- 
plain and price it. 

.bstract Mathematics, otherwise 
denominated pure mathematics, that 
branch of the science which treats 
9 of simple properties, magnitude, 
9 figure, or quantity, absolutely and 
generally considered, 
distraction of heat is that process 
by which heat is drawn from any 
body to whatever surrounds it. 
bsurd, a term used in demonstrat- 
ing converse propositions, 
bundant Number, a number whose 
aliquot parts added together, make 
» siim which is greater than the 
lumber it -elf. 

mtment, that which receives the 
■nd of, and gives support to, anyt- 
hing having a tendency to spread 
>ut, or to thrust out. The piers, or 
nounds against which an arch re*ts 
rc abutments. The piers at the 
“xtremities of a bridge are always 
ennecl abutments, of whatever form 
jie arch may be. (See Buttress and 

r* 


tresses, which sustain the thrust of a 
frame, or rib ; towers or chimneys, 
which sustain the lateral pressure 
of (lie wind ; dams for sustaining the 
lateral pressure of water ; retaining 
walls for sustaining the lateral pres- 
sure of earth, and arch-abutments. 

In carpentry and joinery, the 

junctions or meetings of two pieces 
of timber, of which the fibres of 
the one run perpendicular to the 
joint, and those cf the other parallel 
to it. 

Abuttals are the buttings and bonnd- 
ings of land in every direction, 
showing by what other lands, rivers, 
etc. such lands are bounded. The 
abuttals of coqioration and church 
lands, and of parishes, are usually 
restored annually. 

Abutting Power, the powers of re- 
sistance to the horizontal thrust. 
If a buttress, or a retaining wall, 
abuts or presses horizontallv against 
a horizontal layer of earth, "the limit 
of the resistance which that layer is 
capable of opposing is determined 
by the greatest horizontal pressure 
consistent with the stability of the 
earth. 

Abyssinian Gold, a gilded brass, 
called also Tulmi Gold, which see. 

Acacia, a genus of spiny trees. The 
Acacia Arabica yields gum-arabic, 
the Acacia Catechu the terra japo- 
niea ; others yield different gums, as 
the A. Senegal, gum Senegal, and 
the like. 

Acacio, Acajou, a heavy, durable 
wood, of the red mahogany character, 
but darker and plainer. 

Academia, in antiquity, a building 
in one of the suburbs of Athens, 
where Plato and other philosophers 
assembled. They were called Aca- 
demics. 

Academician, a member of a society 
or academy instituted for the culti- 
vation of the arts or sciences. 

Academy, a society of men asso- 
ciated for the advancement of know- 
ledge. 

Academy-figure is a drawing or 
design, done after a model, with 
crayon or pencil. 

Acajou, the French name for ma- ‘ 
hogany. (See Acacio .) 

Acanthus, the plant Branca ursina , 
in English beads claw , the leaves 
of which are imitated in decorating 
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the capitals of Corinthian and Com- 
posite columns. 

Accelerated Motion, a force acting 
incessantly upon a body ; called 
also a constant or uniformly accele- 
rating force when the velocity in- 
creases equally in equal times : the 
force of gravity near the Earth’s 
surface is of this kind ; it generates 
a velocity of 32£ feet in each second 
of time ; that is, a body, after falling 
one second, acquires a velocity of 
32£ feet ; after tailing two seconds, 
it will acquire a force of 2 x 32J 
feet ; after three seconds, a velocity 
of 3 x 32J feet, and so on. 

Accelerating Force, in physics, the 
force which accelerates the motion 
or velocity of bodies ; it is equal to, 
or expressed by, the quotient arising 
from the motion or absolute force, 
divided by the mass or the weight 
of the body moved. 

Acceleration, a forward impulse 
given to any body. 

Accelerative or Ret ar dative Force 
is commonly understood to be that 
which affects the velocity only, or 
that by which the velocity is ac- 
celerated or retarded ; it is equal or 
propoitional to the motive force 
directly, and to the mass or body 
moved inversely. 

Accesses, approaches or passages of 
communication between the various 
apartments of a building, as corridors. 

Accessible, in surveying , a place 
which admits of having a distance 
or length of ground measured from 
it; or such a height or depth as can 
be measured by the application of a 
proper instrument. 

Accessories, or Accompaniments, 
in painting, secondary objects to the 
principal one in a picture, intro- j 
duced as explanatory and illustra- 
tive of the scene : sometimes they 
are considered as solely contributing 
to the general effect and harmony of 
the piece. 

Accidental Colour, or Comple- 
mentary Colour, the impression 
produced by looking at a bright 
colour for some time and then turn- 
ing the eye to another surface. Thus, 
n red wa'er produces a green image, 
or a yellow one a violet image. 

Accidental Point, in perspective, 
the point in which a right line 
drawn from the eye, parallel to 


another right line, cuts the picture 
or perspective plane. 

Acclivity, the slope or steepness of a 
line or plane inclined to the horizon, 
taken upwards ; in contradistinc- 
tion to declivity, which is taken 
downwards. 

Accolade, the blow given on the 
shoulder on dubbing a knight. 

Accordion, a free reed portable musi- 
cal instrument, 

Accouplement, in carpentry , a tie or 
brace, or the entire work when 
framed. 

Accretion, in physics , the increase of 
any body as crystals or nodules by the 
accumulation of particles of matter. 
—Increase by the external addition 
of new matter, not growth, with which 
Webster confounds it. 

Accubitus, a room annexed to large 
churches, in which the clergy oc- 
casionally reposed. 

Accumulator, a spring of India-rub- 
ber which accumulates force which 
can be applied. Also, in hydrostatics , 
a reservoir in which water is pre- 
served for the purpose of working 
hydraulic machinery. 

Acer, the maple-tree. 

Aceric acidl, in chemistry , an acid 
formed from the juice of the maple- 
tree. 

Acerra, an incense-box used by the 
Romans at feasts and funerals; a 
portable altar on which incense was 
burnt to the dead. 

Acerra thuraria, a vessel used to 
keep incense in. 

Aces (a sea term), hooks for the 
chains. 

Acestides, the chimneys of furnaces 
where brass was made ; they were 
contrived to be narrow at top, on 
purpose to receive and collect the 
fumes of the melting metal, in order 
that the oxide of zinc produced in the 
process might be condensed and col- 
lected. 

Aeestis, a factitious chrysocolla made 
of veidigris, urea, and nitrate of 
potash. 

Acetal, an inflammable liquid ob- 
tained by the slow combustion of 
alcohol on spongy platinum. 

Acetate, a combination of acetic acid 
with a metal, alkali, or earth. 

Acetate of Cobalt (green ink) is 
prepared from the impure oxide of 
cobalt boiled in acetic acid. 
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Lee t ate of Lead, — sugar oflead, — a 
compound of acetic acid and lead. 
*.eetate of Magnesia, consisting of 
acetic acid and magnesia. 

Acetate of Potash, a compound of 
acetic acid and potash. 

Actic Acid, the pure acid of vinegar. 
Vcetic Ether, an ether formed by 
the action of alcohol and acetic acid. 
It is used for flavouring wines, 
^.cetification, the process by which 
wine or beer is converted into vine- 
gar. 

i-chievement, the ensigns armorial 
of a family. 

.chromatic, a term derived from the 
Greek, expressing absence of colour ; 
in optics , the correction made in 
constructing a lens, by which the 
coloured fringes seen around objects 
viewed through a single lens are 
removed. This is effected by using 
two kinds of glass, the dispersive 
powers of which are different. Ach- 
romatic, without colour, is some- 
times applied, improperly, to colour- 
less decoration. 

i.cids, in chemistry, a compound 
body capable of neutralising an 
alkali. Acids were formerly con- 
sidered as bodies sour to the taste, 
and converting vegetable blues to a 
red colour ; the well-known com- 
pounds named salts. Modern che- 
mistry rejects this and adopts the 
definition given. They form with 
» metallic oxides earths and alkalies. 
■Acidifier, a body whose presence is 
« necessary for the production of an 
acid. 

Acidimeter, an instrument for mea- 
suring the strength of real acid con- 
tained in a liquid. 

Acidimetry, the chemical analysis 
by which the strength of an acid 
can be determined. 

Acinose, a term applied to iron ore 
found in masses, and of' several 
colours. 

Acipenser, a genus of fishes, to which 
the sturgeon belongs. 

Aciseulis, a small pick used' by ma- 
sons, having one end like that of a 
hammer and the other pointed. 

Aclinic Line, the magnetic equator, 
the line along which the magnetic 
needle maintains perfect horizon- 
tally. 

A-cock-bill, in navigation, the situ- 
ation of the yards when they are 


topped up at an angle with the 
deck; — the situation of an anchor 
when it hangs to the cat- head by 
the ring only. 

Acolyte, in the ancient church, an 
inferior order of the clergy ; a person 
who trimmed the lamps, prepared 
for the sacrament, &c. 

Acorn, the seed of oak : imitations 
of it are much used in architecture, 
and it is sometimes introduced in- 
stead of the ^g in the Koman ovolo. 

Acoumeter, an instrument invented 
by Itard for estimating the extent 
of the sense of hearing. 

Acoustics, the science of sounds, 
consisting of diacoustics, or direct 
sounds, and catacoustics, or reflected 
sounds. 

Acre, a measure of land, containing, 
by the ordinance for measuring land 
in the time of Edward I., ICO 
perches or square poles of land ; 
and as the statute length of a 
pole is 5 h yards, or 16£ feet, the 
acre contains 4,840 square yards, or 
43,560 square feet. The chain with 
which land is now commonly mea- 
sured, invented by Gunter, is 4 
poles, or 22 yards, in length ; and 
the acre is therefore just 10 square 
chains ; and as a mile contains 1,760 
yards, or 80 chains, in length, the 
square mile is equal to G40 acres. 
The acre, in surveying, is divided 
into 4 roods, and the rood into 4 
perches. 

Acrolith.es, in sculpture , statues, the 
extremities of which are formed of 
stone, the parts covered with drapery 
being of wood. 

Acropolis, the upper town or citadel 
of a Greek city, usually erected upon 
some natural elevation. 

Acrostolion, in ancient naval archi- 
tecture, an ornament of the prow of a 
ship. 

Acroterium, a statue or ornament 
of any kind placed on the apex of 
a pediment : the gate of the Agora 
at Athens is the only instance in 
which it appears in Grecian build- 
ings. The statue of the Saint on the 
apex of the pediment of St. Paul’s 
is an acroterium. The term is also 
used to denote the pinnacles on the 
parapets of buildings. 

Actinism, term first used by Mr, 
Kobert Hunt to distinguish the che- 
mical power of the sunbeam. 
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Actino Chemistry, a term used by 
Sir John Herschelto signify the che- 
mistry of the rays of a sunbeam. 

Actinograph, an instrument used to 
measure the amount of chemical ac- 
tion in the solar rays. 

Aetinometer: Sir John Herschel, 
at the third meeting of the British 
Association, submitted an instru- 
ment for measuring at any instant 
the direct heating power of the 
solar ray : it affords a dynamical 
measure of the solar radiation, by 
receiving a quantity of heat per 
second, or any short space of time, 
on a surface exposed to the sun. 
In making observations with this 
instrument, it should be freely ex- 
posed in the shade for one minute, 
and the variation read; afterwards 
expose it for the same time to the 
solar action, and again note it ; and 
lastly, repeat the experiment in the 
shade ; the mean of the two varia- 
tions in the shade being subducted 
from the variation in the sun, the 
excess gives the dilatation per mi- 
nute due to the sun's rays, the quan- 
tity subducted being the effect of the 
other causes at the time. 

Action, in painting or sculpture , the 
posture, or attitude, expressive of the 
passion the painter or carver would 
convey to the mind of a spectator. 

Action and Reaction. Every force 
is an action exerted between two 
bodies tending to produce rest or 
motion ; and according to the rela- 
tive mass of the bodies to each other 
so is the influence produced one upon 
the other; action and reaction are 
equal, but in contrary directions. 

Actual Energy. The actual energy of 
a moving body is the work which it 
is capable of performing against a 
retarding resistance before being 
brought to rest. 

Actus, a Roman measure of length 
equal to 120 Roman feet. 

Acute Angle, in geometry, less than 
a right angle, and measured by less 
than 90° or a quadrant of a circle. 

Acute-angled Cone, that in which 
the opposite sides make an acute 
angle at the vertex, or whose axis, in 
a right cone, makes less than half a 
right angle with the side. 

Acute-angled Section of a Cone, 
an ellipsis made by a plane cutting 
both sides of an acute-angled cone. 


Acute-angled Triangle, that in 
which the three angles are all acute. 

Adamantine Spar, a crystallised 
alumina ; a very hard stone, used for 
cutting and polishing other hard 
stones, applied to a variety of the 
sapphire. 

Addendum, the extent to which the 
cre^t of the tooth of a wheel projects 
beyond the pitch- surface. 

Addendum Circle, the line touching 
the crests of all the teeth of a wheel, 
and parallel to the pitch-line. 

Adeling, a title of honour given to 
the children of princes among the 
Anglo-Saxons. 

Adhesion, the force with which dif- 
ferent bodies remaiu attached to each 
other when brought into contact. 

Adit, usually applied to the hori- 
zontal shaft of a mine, driven for the 
purposes of easy approach to the 
mineral lode or for draining the mine, 

commonly called the Adit-level 

The passage or approach to a house. 

Adjacent Angle, in geometry , an 
angle immediately contiguous to an- 
other, so that one side is common to 
both. 

Adjustments, all contrivances for 
varying at will the comparative 
motions in a machine. Rankine 
classes them as follows : 

Traversing, Gear, and Feed- 
motions; Engaging, Disengaging, 
and Reserving Gear; Gear for va- 
rying speed or stroke. 

Adjutage (Ajutage), or jet-cTeau , a 
tube fitted to the aperture of a vessel 
through which the water is to bo 
played. 

Admeasurement (Tonnage), the 
measuring or finding the dimensions 
and quantity of a thing by the ap- 
plication of a standard or rule. 

Admeasurement, a process in the 
art of mensuration for measuring and 
determining dimensions of work. 

Adobes, bricks made of clay, straw, 
and dung, and dried in the sun, used 
hi Castile and Leon in cottages. 

Adonia, a festival celebrated in honour 
of Aphrodite and Adonis in most of 
the Grecian cities. 

Adrift, the condition of a vessel broken 
from her moorings. 

Adularia, a name for the moon-stone, 
a semi-transparent gein. 

Ad-valorem, an assessment by the 
customs for dutyaccording to theyalue. 
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dventure, in mining phrase , a spec- 
ulation in mines. 

dventurer, a shareholder in work- 
ing a mine ; in commerce a specula- 
tor. 

dytum, the most sacred place in the 
heathen temples ; the Holy of Ho- 
lies ; in Christian architecture, the 
chancel or altar-end of a church, 
dze, an edged tool used to chip sur- 
faces in a horizontal direction ; the 
axe being employed to chop mate- 
rials in vertical positions, 
cclesiolo, in Domesday Book, a 
chapel subordinate to the mother 
church. 

des, an inferior kind of temple ; in 
Christian architecture, a chapel ; 
also sometimes applied to a house, 
dicula, a small chapel, house, or 
building of any kind; not unfre* 
quently applied to the niches of 
tabernacles in a wall which held 
statues of the lares or penates. 
gina Marbles : C. R. Cockerell, 
Esq., visited Athens with Mr. 
Foster in 1811. In examining the 
temples of Athens with their la- 
mented fnend and companion, the 
Baron Haller, some details, of sin- 
gular interest and novelty, induced 
them to form the project of excava- 
ting the Temple of Jupiter at iEgina, 
for the purpose of ascertaining how 
far these might be found common to 
other remains of Grecian architec- 
ture, as well as for the general object 
of advancing their studies. 

The iEginetan statues furnish the 
only illustrations of the heroic cos- 
tume and armour, as described by 
Homer, Aeschylus, and the earliest 
Grecian writers ; and the great 
nicety of execution in the smallest 
details corresponds perfectly with 
the exactness which the poets have 
observed in their description ; a 
minute and scrupulous attention is 
paid to each tie and fastening ; and 
as if the whole had been offered to 
the severest scrutiny, the parts never 
Been were equally furnished with 
exact resemblance of each particular 
detail in the most ancient coins of 
Corinth, Sybaris, Posidonia, and the 
earliest Greek cities of Italy, as well 
as of Ionia, which were much earlier 
proficients in arts than those of 
Greece Proper ; and in the vases of 
the most archaic style (commonly in 


black on a red ground) we trace the 
character which is developed and 
explained in these statues. 

In the magnificent statue of 
Minerva, who, by her action, seems 
from Olympus to have just alighted 
to animate the combat by her pre- 
sence, we have the most antique 
costume hitherto known to us. The 
form of the iEgis is singular, nor 
have we seen it before in sculpture, 
surrounded with the tassels, the 
noise of which was said to have dis- 
mayed her opponent?, : we know such 
a sort of appendage to have been in 
much earlier use than the more usual 
one of the serpents. These were 
undoubtedly of brass, or some metal 
which has disappeared; they were 
fastened by rivets of lead, most of 
which still remained. The holes by 
which the Gorgon’s head was at- 
tached to her breast were evident, 
and the whole of the iEgis was 
painted in scales in encaustic ; they 
could not however be discovered. 

The lion's head attached to the 
extreme tile of this temple was 
found perfect, and in the blocking, 
which carries the Chimacra, was a 
sinking, corresponding w T ith the 
thickness of the plinth, to which the 
legs were attached. 

The whole of the ornaments in- 
dicated on the several members of 
the cornice were painted on the 
marble in encaustic ; as are the ex- 
treme tiles, forming the upper mould- 
ing of the pediment ; and on the 
stone of which the whole temple was 
constructed, is a thin coat or varnish 
of very fine and hard plaster. 

iEgricanes, a name given to rams’ 
heads w'hen sculptured on friezes, 
altars, etc. 

-33gyptdHa, a species of Egyptian 
ornament. 

JEmasia, a fence, or fence-walk 

JEolipile, an instrument consisting 
of a hollow metallic ball with a 
slender neck or pipe proceeding from 
it, which, being filled with water 
and placed upon the fire produces, by 
the conversion of the water into 
steam, a violent blast. This instru- 
ment was used by the ancients to 
explain the production of wind, hence 
the name. The seolipilc filled with 
alcohol, and placed over a small spirit- 
lamp, em its a copious stream of alcohol 
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vapour, which being inflamed forms 
a powerful blow-pipe. 

JEolus (in mythology, the god of 
winds), the name of a ventilator, or 
a machine used to extract foul air 
out of rooms or vaults. 

iErarium, a treasury among the 
Romans; the place where public 
money was deposited. 

.JSolian Harp, an instrument made , 
with wires stretched above a sound- 
ing board. The wind undulating 
through them establishes agreeable 
musical vibrations. 

Aerial Perspective, the relative ap- 
parent recession of objects from the 
foreground, owing to the quantity of 
air interposed between them and the 
spectator. 

iEro, according to Vitruvius, a basket 
to carry earth in, used by the Ro- 
mans. 

Aero-dynamics, the science relating 
to the active powers or forces of 
gaseous fluids. 

Aerolite, a meteorite. 

Aerology, the doctrine or science of 
the air. 

Aerometer, an instrument contrived 
to ascertain the mean bulk ol gases. 

Aerometry, the science of measuring 
the air, its powers and properties. 

Aeronautics, the art of sailing or 
floating in the air. The guiding of 
a balloon in its ascent or descent is 
the practical application of the art. 
erostatics, the doctrine of the 
weight, pressure, and balance of the 
air and atmosphere. 

ASrugo, rust, more especially that of 
copper, — verdigris. 

Aesthetics, the power of perception 
by means of the senses: the word 
implies the perception and the study 
of those qualities which constitute 
the beautiful and artistic, and form 
the finer essence of all productions of 
fine art ; it carries with it, therefore, 
a more exact and philosophic mean- 
ing than the word ‘taste:’ in its 
adjective form, in which it more fre- 
quently occurs, it is particularly 
useful, as no adequate epithet can be 
substituted for it. Thus we speak of 
the * aesthetic sense,’ of ‘ aesthetic 
feeling,’ or ‘study,’ or ‘principles,’ 
etc but we cannot correctly say 
the-* tasteful sense,’ or * tasteful 
study.’ 

ASstu'arhui, a dcs ription of thg an- 


cient baths, to the flue from hvpo- 
caustum or stove to chambers. 

iEsymnium, a building in Megora ; 
so called from iEsymnius, its founder, 
who erected that edifice, which con- 
sisted of a council-hall round the 
tomb of his countrymen who died in 
battle against the Persians. 

ADtliiops, an old name for several 
mineral preparations of a black 
colour, and the sulphide of antimony, 
etc. 

2Eth.ousa, the portico on the sunny 
side of the court of a Greek dwell- 
ing. 

Aetoma, a pediment, or the tympanum 
of a pediment. 

Affection, in painting, the represen- 
tation of any passions with which 
the characters represented appear to 
be animated. 

Affinity, in chemistry , the power by 
■which the ultimate particles of 
matter arc made to unite, and kept 
united. Light has considerable in- 
fluence in controlling chemical 
affinity. Hydrogen and chlorine 
gases mixed and exposed to the 
sun’s rays combine with explosion, 
and forni hydrochloric acid. Chlorine 
and carbonic oxide gase< exert no 
action on each other until they are 
exposed to the light, when they com- 
bine and form phosgene gas. The 
Daguerreotype and other processes of 
Photograph}’ are illustrations of the 
actions of light upon chemical affi- 
nity. 

Afflux, a flow of electric matter to a 
globe and conductor, in opposition to 
efflux, from them. 

African Oak or Teak, a hard valu- 
able wood used for shipbuilding ; it 
is obtained from the Oldfieldia Afri - 
cana. 

African Black Wood. (See Black 
Botany Bay Wood.') 

After, in ship-building , implies a con- 
nection, as belonging to the after- 
body, after-timber, etc. 

Agalma, a sculptural ornament or 
image. 

Agaric, a genus of fungi. TheAgaricns 
is often used for food. These fungi 
contain large quantities of nitrogen. 

Agaric Mineral, a soft variety of 
carbonate of lime found in the clefts 
of rocks and in caverns. 

Agar-agar, the Malay name for ma- 
rine Alg«a. Used in the East to 
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denote any kind of edible seaweed ; 
called also Bengal Isinglass. 

A^&te or Cornelian, a variegated 
variety of quartz, the colours of which 
are arranged in bands, spots, or 
clouds. There are numerous varie- 
ties ; the principal being chalcedony, 
the on}’x, the mocha stone, the moss 
agate, the heliotrope or blood stone, 
the cornelian, and others. The name 
is derived from Achates, whence, ac- 
cording to Theophrastus, agates were 
first brought. 

Agalloch, a resinous wood with a 
very aromatic smell, used for making 
pastils. 

Agenda, memoranda of things to be 
done. The service of the church, its 
ritual. 

Ager, a Roman acre of land. 

Agger, a heap or mound of any kind, 
formed of stone, wood, or earth. 

Agglutination, the cohesion of 
bodies. 

Aggregation, in chemistry, the col- 
lection of bodies, solid, fluid, or 
gaseous. 

Agiasterium, the sanctuary, which 
is the basilica of the Latin Church. 

Aglet-baby, a small image, placed 
on the top of a processional cross. 

Agnus Dei, the Lamb of God. A 
cake of wax stamped with the figure 
of a lamb. 

Agora, a place of public assembly, in 
a Greek city, for the transaction of 
all public business ; a market-place. 

I Agrafe, a French term used by buil- 
ders for small cramps employed in 
fixing chimney-pieces, etc. 

Aguilla, an obelisk, or the spire of a 
church-tower 

A-bull, the condition of a vessel when 
she has all her sails furled, and her 
helm lashed a-lee. 

Aich. Metal (Metallurgy), an alloy of 
iron, copper, and zinc named after 
Johann Aich of Venice, who first 
formed it. The term is rather 
German than English. 

Aiguille, a boring instrument often 
used by military engineers. 

Aile, the wing, the inward portico, on 
each side of a church or other large 
building, supported by pillars within. 
Air. Specific gravity ,*0-00 12; weight 
of a cubic foot, 0-0753 lbs., or 527 

1 grains (Shuckburgh) ; 13‘3 cubic 
feet, or 17 cylindric feet of air, weigh 
lib. ; it expands tin or -00208 of its 


bulk at 32° by the addition of one 
degree of heat. (Dulong and Petit.) 

Air-bed, an india-rubber mattress in- 
flated with air. 

Air-brick, an iron box used in walls, 
and usually mr.de to the size of a 
brick, but with one of its faces formed 
into a grating. 

Air -cane, an air-gun fitted into a cane. 

.Air-casing, the sheet-iron casing 
which surrounds the base of the 
chimney of a steam-vessel, to pre- 
vent too great a transmission of heat 
to the deck. 

Air-condenser, a condenser of a 
steam-engine in which air is the 
cooling medium. 

Air-course, in coal-mining , a gene- 
ral name for the workings through 
which the air traverses. 

Air-drains, cavities between the ex 
ternal walls of a building, protected 
by a wall towards the earth, which 
is thus prevented from causing 
dampness. 

Air-engine, an engine in which the 
power is dependent on the expansi- 
bility of air by heat. Professor Sir 
W. Thompson gives a theorem which 
decides the economy of any thermo- 
dynamic engine. It is that in any 
perfectly constructed engine the 
fraction of heat converted into work 
is equal to the range of the tempera- 
ture from the highest to the lowest 
point divided by the highest tempe- 
rature reckoned from" the zero of 
absolute temperature. Thus if wc 
have a perfect engine in which the 
highest temperature is 230° and the 
lowest 80°, 

F, the fraction of heat converted 

into force, will be rather 

280 + 400 

more than one quarter. So that, if 
we use coal of which one pound in 
combustion gives out heat equivalent 
to 10,380,000 foot pounds, such an 
engine as we have described would 
produce work equal to 28,050,405 foot 
pounds for each pound of coal con- 
sumed in the furnace. Mr. Stirling 
first introduced the air-engine ; Mr. 
Ericson refined upon this and con- 
structed his caloric engine. Several 
others have made experiments on the 
air-engine, but not as yet with any 
practical advantage. 

Air-escape, a contrivance for letting 
off the air from water-pipes 
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Air-gun, a pneumatic engine in which 
condensed air is used to supply the 
projectile power by its elastic power 
when freed from pressure. 

Air-holes, those made for admitting 
air to ventilate apartments. 

Air-jacket, a space left around a 
steam cylinder to pi event the lo>s of 
heat, air being an imperfect conduc- 
tor of heat. 

Air-machine, in mining , the appa- 
ratus used for forcing purer air into 
— or withdrawing foul ah’ — from 
parts badly ventilated. 

Airo-hydrogen Blowpipe, a blow- 
pipe in which a flame of hydrogen 
gas is urged by a blast of air, and 
used for soldering. 

Air -pipes, in mining , tubes or pipes 
of iron or wood, for ventilating 
under ground, or for the convey- 
ance of fresh air into levels having 
but one communication with the 
atmosphere, and no current of air : 
also used for clearing foul air from 
the holds of ships or other close 
places. 

Air-pump, a pneumatic instrument, 
by means of which the air is ex- 
hausted out of proper vessels : its 
effects are produced by the elasticity 
of the air; at each stroke of the 
pump a certain portion of the air is 
withdrawn, and consequently the air 
in the vessel becomes more and more 
attenuated. As only a part of the 
air is withdrawn, an absolute vacuum 
cannot be obtained, although so near 
an approximation to it may be had 
as to remove the general effects of 
the atmosphere. In steam-engines 
it is an important instrument : the 
proportion of the air-pump, as given 
by Watt, is usually about two-thirds 
of the diameter of the cylinder, w'hen 
the length of the stroke of the air- 
bucket is half the length of the stroke 
of the steam-piston. The area of 
the passages between the condenser 
and the air-pump should never be 
less than one-fourth of the area of 
the air-pump. The apertures through 
the air-bucket should have the same 
proportion; and, if convenient, the 
discharging flap or valve should be 
made larger. The capacity of the 
condenser should at least be equal to 
that of the air-pump; but, when 
convenience will admit of it, the 
larger it is the better. 

to 


Air-pump Bucket, an open piston, 
with valves on the upper surface, 
opening upwards, so as to admit the 
air and water in the down-stroke, 
and lift it with the up-stroke of the 
pump. 

Air-pump Bod, the rod for connecting 
the bucket to the beam. 

Air-sliaft, in mining , a passage made 
to establish the circulation of good 
air in a mine. 

Air-tint, in painting , the tint by 
which the distant parts of a land- 
scape are rendered more distinct, 
or sometimes giving a misty appear- 
ance to the whole : it is generally 
compounded of a blue-grey, occa- 
sionally approaching to purple. 

Air-trap, a trap immersed in water, 
to prevent foul air arising from 
sewers or drain*. 

Air-valve, applied to steam boilers 
for the purpose of preventing the 
formation of a vacuum when the 
steam is condensing in the boiler. 

Air-vessel, the closed cylinder con- 
nected to the discharge-pipe of a 
force-pump, and by the action of 
which the water ejected by the pis- 
ton or plunger of the pump enters 
the cylinder and compresses the air 
within; it acts as a spring during 
the return stroke, and thus rendeis 
the stream constant ; also a chamber 
containing air, attached to pumps 
and other water-engines, for the 
purpose of making the discharge 
constant when the supply is inter- 
mittent. 

Aisle, the side-passage or division of 
a church, partially separated from 
the nave and choir by columns or 
piers. 

Ait eh-piece,H -piece, partof a plunger 
lift in which the clacks are fixed. 

Aitre. a hearth or chimney. 

Ajambe, the French term for a win- 
dow : it differs from the usual French 
window in having four or more 
casements, with separate hinges and 
fastenings complete, instead of two 
upright ones, which they generally 
have. 

Alabandine, a name given to the 
Ethiopian carbuncles by Pliny. It 
is now used for Manganese glance. 

Alabaster, a stone resembling marble 
but softer. Two varieties are often 
cofounded, the calcareous and the 
gypseous. It is chemically sulphate 
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oj lime. Alabaster is wrought into 
various kinds of ornaments; and 
was formerly much used in boxes 
for holding perfumes and ointments. 
When heated alabaster loses its water 
of composition and becomes Plaster of 
Paris ; which see. 

Alb, a long white linen garment 
reaching almost to the feet, but very 
different from the ordinary clerical 
surplice. 

Alba, a beacon or lighthouse. 

Albarium, white-wash ; according to 
Pliny and Vitruvius, a white stucco 
or plaster, made of a pure kind of 
lime burned from marble, and used 
to spread over the roofs of houses. 

Albarium opus, according to Vitru- 
vius, a species of stuccowork. 

Albaria opera, a species of light 
mason’s work into which nothing 
but lime entered. 

Albata, the name given to a white 
metallic alloy, consisting of copper, 
tin, and nickel. 

Albert Coal, a bituminous coal found 
in New Brunswick. 

Albinism, a state where white skin 
and hair prevail with pink eves. 

Albumen, the white of egg. It enters 
into the composition of the serum of 
blood, and of all animal substances 
which supply the body with nutri- 
tive agents/ It is also found in the 
vegetable juices, such as the juices of 
carrots, turnips, cabbages, etc. Albu- 
men was used, before the introduction 
of the collodion process, as a coating 
on glass for receiving the sensitive 
material in Photography. The white 
of egg is employed in many of the 
arts. 

Albuminoids, compounds, such as 
albumen, casein, and fibrin, which 
play an important part in the func- 
tions of animal and vegetable life. 

Album Grsecum, the excrementi- 
tious matter of dogs fed upon bones. 
It is employed in preparing some 
kinds of leather, and it was formerly 
used medicinally. 

Alcha, a cellar, pantry, or an apart- 
ment for the reception of drinking 
vessels. 

Alchemist, one skilled in the art of 
alchemy, which with all its absurd 
errors must be regarded as the 
parent of chemistry. 

Alchemy, an imaginary art which 
presumed the transmutation of 


metals : Lord Bacon calls it the art 
of distilling or drawing quintessences 
out of metals by fire. 

Alcohol, the name given to the pure 
spirit obtained by repeated distilla- 
tions from all liquors that have un- 
dergone vinous fermentation. It is 
derived from the Arabic. (See 
Spirit of Wine.") 

Alcoholometer, an instrument for as- 
certaining the strength of spirits. 

Alcoran or Alkoran, the sacred book 
of the Mahomedans. 

Alcorans, in oriental architecture, 
high slender towers attached to 
mosques, in which the Koran is 
read. 

Alcove, a reces3 in a chamber, or a 
recess separated from other parts 
of the room by columns, antse, and 
balusters. 

Alder, a wood formerly much used. 
The common alder seldom exceeds 
40 feet in height, is very durable 
under water, and was used for the 
piles of the Rialto at Venice, the 
buildings at Ravenna, etc. : it was 
formerly much used for pipes, pumps, 
and sluices. 

Aleaceria, a palace, castle, or other 
large edifice. 

Aleatorium, an apartment in a Roman 
house appropriated to the use of 
persons playing -with dice. 

A-lee, a term used to denote the posi- 
tion of the helm when it is put in 
the opposite direction from that in 
which the wind blows. 

Alembic, in chemistry, a vessel used 
in some processes of distillation. 

Aleois, loopholes in the walls of a cas- 
tle or fortification, through which 
arrows may be discharged. 

Algebra, literal arithmetic, or the 
science by which quantity, and the 
operations of quantity, are expressed 
by conventional symbols. 

Alhambra, in Saracenic architecture, 
the royal palace of the kings of 
Granada. 

Alien Priories, cells or small reli- 
gious houses erected in different 
countries, and distinguished as alien 
from their dependence on large 
foreign monasteries. 

Alipterion, in ancient Rome, a room 
wherein bathers anointed themselves. 

Aliquot Part, such part of a number 
as will exactly divide it without a 
remainder; a part as, being taken 
11 
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or repeated a certain number of 
times, exactly makes up or is equal 
to the whole: thus 1 is an aliquot 
part of 6, or any other whole 
number. 

Alizajine, the commercial name of 
madder in the Levant; also a pecu- 
liar red colouring matter obtained 
from madder and used in dyeing. 

Alkali, a term originally applied to 
the ashes of burnt plants, derived 
from the Hebrew kulak, to burn. 
The name has become generic and is 
used to designate potassa, soda, 
ammonia, and some other similar 
substances. 

Alkalimeter, an instrument for 
'■ ' *rmining the 

* ■ of alkalies. 

A:h'.' , !*• derived from 

vegetable bodies in some respects 
analogous to the alkalies. As Aco- \ 
nit a, Morphia , Quinta, etc. 

Adkanet Root, a species of bugloss 
( Anchusa tinctoria ); it is principally 
used to colour oils and wax, and for 
staining woods. 

AJkermes, an old pharmaceutical 
preparation coloured with kermes. 

Alkool, strictly Alkohlhe, a pre- 
paration of galena used by the wo- 
men of the East to dye the* eyelids. 

Allette, used to express a small wing 
of a building; also applied to a 
pilaster or buttress. 

Alley, a passage from one part of a 
building to another; a passage or 
court with houses. 

Alligation, one of the rules of arith- 
metic, by which are resolved ques- 
tions which relate to the compound- 
ing or mixing together of divers 
simples or ingredients. 

Alloidal Tenure, an ancient free 
tenure of land by which the tenant 
had no quit rent to pay. 

Allorium, a piazza, corridor, or co 
vered way in the flank of a building. 

Alloy, a baser metal, mixed with the 
precious metals, or mixtures of copper 
and tin forming bronze, or copper 
and zinc forming brass, etc. 

Allspice, the immature berry of 
Jamaica pepper. 

Allmninate (To), in painting, to 
wash prints with alum-water, to 
keep the colours from sinking or 
running. To enlighten; to give 
grace, light, and ornament. 

Alluvium, the debris occasioned by 


causes still in operation, as deposits 
left by the action of rivers, floods, 
and torrents. 

Almacantar, lines parallel to the 
horizon, and conceived to pass 
through every degree of the me- 
ridian ; used only by the old astrono- 
mers. 

Almagest, a book of mystery, a col- 
lection of problems in "astrology and 
astronomy. 

Almagra, a very deep-coloured red 
ochre. 

Almanack, from the Arabic, a diary 
By the law of England, the almanack 
annexed to the Book of Common 
Prayer is the only one recognised in 
Courts of Law. 

Almasia, in old records, the archives 
of a church ; a library. 

Almehrab, a niche in "the mosques of 
the Arabs for praying. 

Almery, a niche formed in a wall by 
the side of an altar, a closet with 
shelves where plate and vestments 
are kept. 

Almond, a fruit contained in a hard 
shell. We import Valentia, Italian, 
and Jordan almonds ; they are sweet 
and bitter. 

Almond-furnace, a furnace used by 
refiners, and called a sweep, for 
separating all sorts of metals from 
cinders, &c. 

Almond-tree Wood, a hard, heavy, 
oily, or resinous kind of wood, 
somewhat pliable. 

Almoner, an oflicer whose duty it is 
to distribute alms. 

Almonry, a room or place where alms 
were formerly distributed to the poor. 

Almshouse, a house for the reception 
and support of the poor. 

Aloes, the inspissated juice of the 
Aloe. There are four sorts knov*n in 
commerce : the Socotrine , Hepatic , 
Cape , and Caballine. 

Aloes Wood. (See Calcmbeg.') 

Aloof, in navigation, to keep the ship 
near the wind when sailing upon a 
quarter wind. 

Alpaca, wool derived from animals of 
the genus Llama, inhabiting the 
Cordillera of the Andes, below the 
line of perpetual snow. (See Llama 
and Vicuna.') 

Alquifore (obsolete), lead ore found 
in Cornwall, and used bj r potters 
to glaze their wares. The same as 
‘Potters’ Ore’ in Shropshire. 
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i-lrunae, small images carved out of 
roots of trees, and anciently held in 
much veneration by the northern 
nations. 

-J.ston Moor, in Northumberland. 
Mining in this district is of great 
antiquity : the miners of Alderston 
had their charter 600 years ago. 
These mines yielded lead containing 
silver, and formerly belonged to Sir 
Edward Radcliffe, and remained in 
that family till the confiscation of 
the estates of James, Earl of Der- 
wentwater, in 1716. It was granted 
in 1734 to the Royal Hospital for 
Seamen at Greenwich. In form the 
manor of Alston Moor nearly resem- 
bles a square of about 6$ miles, con- 
taining about 45 square miles, or 
29,000 acres. The mines are yield- 
ing Greenwich Hospital annually a 
very large revenue. 

Jtar, an elevated table of either stone, 
marble, or wood, dedicated to the 
ceremonies of religious worship. 
‘And Noah builded an altar unto 
the Lord; and took of every clean 
beast, and of every clean fowl, and 
offered bumt-offermgs on the altar.’ 
Jtar-piece, the ornamental sculpture 
or painting behind the altar in a 
Christian church. 

ltar-screen, the back of an altar, 
or the partition by which the choir 
is separated from the presbytery and 
lady-chapel. 

Jtars, among the Greeks, according 
to Wilkins’s ‘Vitruvius,’ faced the 
east, and were placed lower than the 
statues arranged below the celln, in 
order that those who offered up 
prayers and sacrifices might know, 
from their different height*, to what 
particular deities the several altars 
were consecrated. 

Alt are cliori, a reading-desk in a 
church. 

11 tare farum, the lustre, chandelier, 
or cresset, suspended over an altar. 
Altimetry, the art of taking or mea- 
suring altitudes or heights. 
Altitude, of a figure, the length of a 
line drawn perpendicularly from the 

vertex to the base. Of the eye in 

perspective, a right line let fall per- 
pendicular to the geometrical plane. 
Alto, in music , the counter-tenor part 
of vocal compositions. 

Ito-rilie vo, highly relieved sculpture 
representing figures either entirely 


| or nearly detached from the back- 
ground. (See Rilievo.) 

Alum, a saline body, consisting of 
alumina , united with an acid, ordi- 
narily sulphuric, and these again 
with an alkali, as soda, potash, or 
ammonia. It is a salt of great use 
to dyers and calico printers as a 
mordant. It is also used by paper 
makers and tanner^. It is found as 
alumina in alum-shale, and is made 
artificially on a large scale from Clays, 
The alums are called respectively, 
soda alums, potash alums, etc. 

Alum, Roche, Rotzalaun, Aln-m de 
Roche, a variety of alum obtained 
at Rocca, much used by the Genoese 
and others in the dyeing of red cloth. 

Alum, Roman, an alum prized for its 
great freedom from iron. 

Alum, Burnt, alum from which all 
the water is driven oft' by heat. 

Alumstone, a mineral found in Hun- 
gary and other places, from which 
alum is prepared. 

Alum Shale, or Alum Schist, a shale 
rock from which alum is prepared 
on a large scale, especially at Whitby 
and near Glasgow. 

Alum Cake, a nearly pure sulphate oi 
alumina; it is alum without the 
alkaline salts, containing some silica, 
and prepared in cakes. 

Alumina, oue of the earths, — pure 
clay. It is the base of corundum 
and emery, and is a component part 
of many gems. 

Alumina, Acetate of, a combi- 
nation of alumina and acetic acid, 
largely used in the arts. 

Aluminium, is a metal which by 
uniting with oxygen forms the uni- 
versally distributed earth, alumina, 
the chief constituent of clay, and an 
ingredient of many gems and minerals. 
This metal was originally discovered 
in 1808, by Humphry Davy. M. 
St. Claire Deville in 1854 devised a 
method of obtaining it in any quan- 
tity. Its colour is white, with a 
faint blue tinge ; it is highly mallea- 
ble and ductile ; a perfect conductor 
of electricity ; it melts at a tempera- 
ture higher than zinc (773° Fahr.), 
and resists the action of sulphuretted 
hydrogen, of water, and of oxygen, 
if not heated. It is of very light 
weight, its specific gravity being 
only 2-00, that of gold being 19*26, 
and of iron 7*79. 
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Aluminium Bronze, an alloy of ten 
parts of aluminium and ninety parts 
of copper. It is of a beautiful gold 
colour and has great hardness. 

Alutation, the dressing of leather. 

Alveus, in hydrography , the channel 
or belly of a river. 

Aana, in church matters a vessel to 
contain wine for the Eucharist. 

Aniaasa, such pieces of glass as are 
used in enamelling. 

Amadou, a spongy substance growing 
on several kinds of trees. When 
beaten out flat and impregnated with 
nitre, it form 5 a tinder, called German 
tinder. 

Amalgam, a mixture of mercury with 
any other metal, gold, silver, tin, 
lead, etc. Tin Amalgam is used for 
silvering glass. Copper Amalgam is 
employed by French dentists for 
stopping teeth. Gold Amalgam for 
gilding steel, etc. (See Gddmg.) 

Amalgam Sodium, a mixture of 
mercury and sodium is said to act 
more readily than mercury alone in 
the metallurgical amalgamation pro- 
cesses. 

Amalgamation, the process of sepa- 
rating gold and silver from their ores 
by means of mercury. 

Amazon Stone, a bluish-green kind 
of felspar, found near the River 
Amazon. 

Amber, a fossil resin found chiefly on 
the Prussian coast of the Baltic, 
between Konigsberg and Memel, also 
in India. 

Ambergris, a concretion supposed to 
be formed in the stomach of the sper- 
maceti whale which is found floating 
on the sea in India and Africa. 

Ambitus, an enclosure : more particu- 
larly applied to the space around a 
building, as a churchyard, or a 
castle-yard. 

Ambo, Ambone, a rostrum or raised 
platfrom. 

Amboyna Wood. (See Riabooca 
Wood.). 

Ambry, in ecclesiastical architecture 
a place where charters and sacred 
vessels are deposited. 

Ambulatio, walks, or places of exer- 
cise, according to Vitruvius, adjacent 
to theatres. 

Ambulatory, a cloister, gallery, or 
ailey. 

Amercement, in mining , a fine in 
Derbyshire ordered to be paid for 
14 


offences against the ‘customary 
liberties.’ 

Amethyst, a purple variety of rock- 
crystal. 

Amethyst, in heraldry , is a purple 
colour in noblemen's coat3 of arms. 

Ajnianthus, asbestos or mountain flax. 

Amid-ships, a nautical term, the 
middle of a ship. 

Ammailare, to enamel. 

Ammonia, the volatile alkali recog- 
nised by its pungent smell. 

Ammoniac, Sal, muriate of ammonia 
used in soldering processes, and in 
the process of tinning. 

Ammoniacum , the resinous juice of a 
plant resembling fennel ; it is used 
medicinally. 

Ammonium, the hypothetical me- 
tallic base of ammonia. 

Ammunition, all warlike stores, but 
especially gunpowder and shot. 

Amphiprostyle, a term applied ta 
a temple with a portico in front and 
also behind. 

Amphitheatre, an edifice formed by 
the junction of two theatres at the 
proscenium, so as to admit of seats 
all round the periphery. In Ro- 

man antiquity, a large edifice of an 
elliptic form * with a series of rising 
seats or benches disposed around 
a spacious area, called the arena, in 
which the combats of gladiators and 
wild beasts, and other sports, were 
exhibited. It consisted exteriorly of 
a wall pierced in its circumference by 
two or more ranges of arcades and 
interiorly of vaulted passages radiat- 
ing from the exterior arcades towards 
the arena, and several transverse 
vaulted corridors which opened a 
free communication to the stairs at 
the ends of the passage and to every 
other part of the building, the corri- 
dors and ranges of seats forming 
elliptical figures parallel to the 
boundary wall. 

Amphithura, in the Greek Church, 
the veil or curtain opening to the 
folding doors, and dividing the chan- 
cel from the rest of the church. 

Amphora (pi. amphora), an earthen 
vase or jar, with a handle on each 
side r l 1 ‘ r ' 1 . *, 

the i. ■ : : ‘ 

oil, .. . li . .. -:i, 

amphora l means, shaped like an am- 
phora or va- o 

Amplitude, the angular distance of a 
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celestial body at the time of rising 
or setting, from the east or west 
points of the horizon. 

Amulet, a figure or character to which 
miraculous powers were supposed to 
be attached. 

Amussium, anciently a carpenter’s 
and mason’s instrument, the use of 
which was to obtain a true plane 
surface. 

Amygdaloid, rocks in which oval 
hollows are filled up by some crys- 
talline mineral. 

Anabathra, steps to any elevated situ- 
ation, as the anabathra of theatres, 
pulpits, etc. 

Anabathrum, a pulpit, desk, or high 

seat. 

Anacampteria, the lodgings of per- 
sons who tied for sanctuary to privi- 
leged religious houses. 

Anaglyph, an engraved, embossed, or 
chased ornament. 

Anaglypha, chased or embossed ves- 
sels made of bronze or the precious 
metals, which derived their name 
from the work on them being in relief, 
and not engraved. 

Anaglyphic work, a species of sculp- 
ture wherein figures are made pro- 
minent by embossing. 

Analemma, a projection of the meri- 
dian ; used also to designate a wall, 
pier, or buttress. 

Analogium, a tomb over the bodies of 
saints ; also a term formerly applied 
to pulpits wherein the gospels and 
epistles were read. 

Anamorphosis, a distorted piece of 
perspective, occasioned by too near a 
point of view, and from the injudi- 
cious attitude or situation of the ob- 
ject, but perfectly true according to 
the laws of perspective. 

Anastatic Printing, a mode of ob- 
taining a fac-simile of any printed 
matter on a sheet of zinc, from which 
impressions can be taken as in litho- 
graphy. 

Anchor, a wrought-iron holdfast for 
the mooring of ships. Anchors 
range in weight from a ton to five 
tons according to tlie size of the 
ship for which they arc intended. 

In architecture, a decorative mould- 
ing used in the orders, and applied 
to the echinus ; also an ornament 
in the form of the fluke of an 
anchor, frequently cut in the ovolo 
Of Ionic capitals, and in the^ bed- 


mouldings of Ionic and Corinthian 
cornices. 

Anchor-stock, the wooden beam 
fixed on the shank of an anchor ; it 
consists in fact of two beams which 
embrace the square, and are firmly 
bolted together by bolts and hoops. 

In skip-building , a peculiar 

method of working planks. 

Anchorite, a hermit. 

Anchor it a, the cell of a hermit. 

Ancon, in decoration , a carved drink- 
ing-cup, or horn ; an elbow or 
angle, or corner-stone. The Ancona 
foot measure is 1*282 of an English 
foot. 

Ancona, a Venetian term to express 
an image, or picture altar-piece. 

Ancone, a console or ornament cut on 
the key-stone of an arch. 

Ancones, trusses or consoles employed 
in the dressings of apertures ; also 
used to signify the comers or quoins 
of walls, cross-beams, or rafters, etc. 

Ancora or Encora, the name given 
by Spanish painters to arzica, which 
see. 

Andirons, iron bars with legs to sup- 
port logs of wood in fire-places. (See 
Dogs.) 

Android, in mechanics, an automaton. 

Andron, an apartment, cloister, or 
gallery, assigned to the male part of 
a monastic establishment ; applied 
also to the space in a church by 
which the men were separated from 
the women. 

Anemography, a description of the 
winds. 

Anemometer, an instrument for mea- 
suring the force of the wind. 

Anemoscope, a machine to denote 
the changes of the wind or weather. 

Aneroid Barometer, the name given 
to a barometer which consists essen- 
tially of an air-tight box nearly ex- 
hausted of air. The upper disc 
covering the box yields to the pres- 
sure of the air, and the variations 
thus produced are measured by means 
of a spring and levers, which give 
motion to an index moving over a 
graduated disc. 

Angelica, an umbelliferous plant cul- 
tivated in moist places, of the stems 
of which a confection is made. 

Angie a Wood. (See Cangica Wood.) 

Amgiportum, among the ancients, a 
narrow lane between two rows of 
houses. 
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Angle, in geometry , the mutual in- 
clination of two lines meeting in a 
point. 

Angle-bar, in joinery , the upright 
bar at the angle of a polygonal win- 
dow. 

Angle -be ad, a vertical bead, com- 
monly of wood, fixed to an exterior 
angle, and flush with the surface of 
the plaster, etc. of rooms, arches, etc. 

Angle-brace, in carpentry , timber 
fixed to the two extremities of a 
piece of quadrangular framing, mak- 
ing it to partake of the form of an 
octagon. 

Angle -bracket, a bracket placed in 
the vertex of an angle, and not at 
right angles with the sides. 

Angle-capital/used in Ionic capitals 
to the flank columns which have 
their volutes placed at an angle of 
45° with the planes of the front and 
returning friezes. 

Angle-float, iu plastering , a float 
made to any internal angle to the 
planes of both sides of a room. 

Angle-iron, plates of iron for forming 
the edges of any structure, as railway 
bridges, ships, iron boilers or tanks.' 

Angle modillion, a modillion placed 
in a direction parallel to a diagonal 
drawn through a cornice at its 
mitring. 

Angle-staff, vertical head, generally 
of wood, fixed to exterior angles of 
a building flush with the service of 
the plaster. 

Angle of Application, the angle 
which the line of direction of a power 
gives the lever it acts upon. 

Angle of Inclination, the angle an 
inclined plane makes with the ho- 
rizon. 

Angle of Rotation, or Angular 
Motion, the angle made byjdie two 
directions, before and ~ after the 
turning, of a line perpendicular to 
the axis. 

Angle of Traction, the angle which 
the direction of a power makes with 
the inclined plane. 

Angular Modillions, those which 
axe placed at the return of a cornice 
in the diagonal vertical plane, pass- 
ing through the angle or mitre of the 
cornice. 

Angular Perspective, a term applied 
to the horizontal lines, both of the 
front and end of a building, converg- 
ing to vanishing points, and termi- 


nating in the horizon ; it i3 some- 
times called oblique perspective. 

Angular Velocity, the ratio of the 
angle of rotation of a turning body 
to the number of units of time occu- 
pied by the angular motion. 

Anil, one of the plants from which 
indigo is obtained. 

Aniline, an oil-like product which 
may he obtained from the indigo 
plant, especially the Anil Indigofer a. 
Its most abundant source is the basic 
oil of coal tar. It is the base of the 
so called Aniline colours. The ani- 
line blues, greens, reds, etc. being 
due to the oxidation of aniline 
by means of acids, etc. Solfarino , 

Magenta , and such colours are pre- 
pared from aniline. 

Anima Munai, an expression used to 
signify the soul o f the world . The 
vital essence of all things. 

Animal Charcoal, carbonised bone, 
used largely as a decolouring agent 
by sugar refiners. It is also used in 
steel manufacture. Its deodorising 
properties are very great, and prob- 
ably from its powerful absorbent 
properties its disinfecting powers are 
no less so. 

Anime, a resin from South America 
used in the arts. 

Anise, the aromatic fruit of an eastern 
plant, Pimpinella aniseme. 

Anisette, a French cordial made by 
flavouring brandy with anise, fennel, 
and coriander seeds, and sweetening it. 

Anker, a Dutch measure, consisting 
of 10^ gallons English wine measure. 

Anlace, a falchion or sword, shaped 
like a scythe. 

Annatto, Arnatto, Annotto, a red- 
dish yellow vegetable dye, obtained 
from the seeds of the Bixa Orellana y 
called the Arnatto tree, and used for 
colouring cheese. (See Arnatto.') 

Annealing, the process of softening 
and restoring the malleability of 
metals, after the molecular structure 
has been disturbed by hammering, by 
heating and allowing them to cool 
very slowly ; glass is annealed by a 
very slow process of cooling in an 
annealing oven. 

Annicut, the Hindostanee term for a 
weir or dam, and made use of in the 
Indian rivers to intercept the current 
of the stream, and divert a portion of 
its waters into channels or reservoirs 
for agricultural purposes. 
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Annihilator, Fire, a machine in 
•which is formed carbonic acid and 
other incombustible gases, which 
being urged upon flame speedily ex- 
tinguish it. 

Annular Eclipse, an eclipse of the 
sun, in which a bright ring of light 
surrounds the shadow of the moon. 

Annular Engine, a direct-action ma- 
rine engine, having two concentric 
cylinders ; the annular space is fitted 
with a piston which is attached to a 
w-shaped cross-lioad by two piston- 
rods : the cross-head is formed by 
two plates with a space between for 
the connecting-rod to vibrate, and 
the lower end slides within the inner 
cylinder, and is connected to the 
crank. This arrangement has been 
patented by Messrs. Maudslay. 

Annular Vault, a vaulted roof sup- 
ported on circular walls. 

Annulate d Columns, those clustered 
together or joined by rings or bands. 

Annulet, in architecture , the small 
fillets or bands which encircle the 
lower part of the Doric capital ; al&o 
the name of a flat small moulding. 

Anorthoscope, an optical toy, the 
invention of M. Plateau, in which, 
by means of two discs rotating 
rapidly, curious and interesting 
figures are produced from distorted 
ones. The e fleet depending upon the 
persistence of images on the re- 
tina. 

Antarala, the inner vestibule of a 
Hindoo temple. 

Antae, square pilasters terminating 
the walls of a temple : when a 
temple had no portico in front, two 
columns were made to intervene 
between the antae, and the aspect 
of the temple was said to be in antis . 

Antarctic, opposite to the arctic; the 
south pole of the earth. 

Antarctic Ocean, the great ocean 
within the antarctic circle. 

Antechamber, a room or passage to 
an inner chamber, fur the accommoda- 
tion of servants and persons in wait- 
ing. 

Ante-capitulum, part of a cloister 
before the door of a chapter-honse. 

Antefixse (by some called Greek 
tiles'), upright ornamental blocks 
placed at intervals on tbe cornice 
along the side of a roof, to conceal, 
or rather terminate, the ridges 
formed by the overlapping of the 


roof-tiles ; also lions’ heads or other 
ornaments introduced below the lines 
of the eaves of a temple. The water 
is usually allowed to escape through 
those. 

Antemural, a term applied to the 
outward wall of a castle ; or that 
which separates a presbytery from 
a cr»vir ; also to a barbican entrance 
before a castle. 

Antepagmenta, or Antepagmen- 
tum, the jamb of a door-case. 

Ante -parallels, in geometry , lines 
which make equal angles with two 
other lines, but in a contrary direc- 
tion. 

Ante -portico, a term sometimes used 
to denote an outer porch or vesti- 
bule ; the propylauim in classic 
architecture. 

Anterides, buttresses for strengthen- 
ing walls. 

Ante -solarium, a balcony facing the 
sun. 

Ante-venna, an awning or projecting 
roof of woodwork ; a wooden or 
pent-house before a shop. 

Anthepsa, a Grecian vessel used for 
boiling water or keeping it hot ; a 
cooking utensil. 

Anthracite, a coal found, principally, 
in South Wales and in the United 
States, which contains scarcely any 
volatile ingredients, and consists 
sometimes of more than ninety per 
cent, of carbon. It burns, when ig- 
nited, with intense heat, but it is 
not easily ignited. 

Anti-attrition, a mixture to lessen 
the effects of friction. Plumbago 
mixed with grease is often employed 
for this purpose. 

Anti-chlor, sulphite of soda : — so 
called from being used to remove the 
last traces of chlorine from paper 
pulp after bleaching. 

Anticlimax, a continuation upon a 
diminished scale of some composition 
iu a building, as the dome of the 
National Gallery. 

Anticlinal Axis or Line. When the 
dip of the surface is in two opposite 
directions, as the angular roof of a 
house or the bending of strata on 
either side of a hill. 

Antics, in architecture , figures of 
men, beasts, etc., placed as ornaments 
to buildings. 

Anticum, a porch before a door. 

Anti-friction, applied to allovs which 
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offer but little resistance to motion, j 
Several alloys are recommended for ' 
the bearings of heavy machinery, as i 
they present smooth though hard 
surfaces to the moving axle. 

Antilia, an ancient machine similar 
to the modern pump. 

Antimensimn, a portable altar or 
consecrated table, used as a substitute 
for a proper altar. 

Antimeter, an optical instrument for 
measuring angles. 

Antimonial Ochre, hydrated oxide 
of antimony, which occurs in earthy 
masses. 

Antimony, a metal usually found 
combined with sulphur, of a bluish- 
white colour, crystalline texture, 
brittle, and easily pulverised; it 
does not oxidize at ordinary temper- 
atures in the air, but, when heated, 
it bums with alight flame, producing 
the oxide; it fuses at 800°, and 
volatilizes at a white heat. It is 
used in type metal and medicinally. 
Antimony yellow, a preparation of 
antimony, of a deejier colour than 
Naples yellow, and similar in its 
properties ; it is principally used 
in enamel and porcelain painting; 
that of a bright coloar is not affected 
bv foul air. 

Antipagments, ornaments in carved 
work on the architrave, jambs, posts, 
or puncheons of doors. 

Antiquarium, a repository for an- 
tique monuments. 

Antiquarian Paper, a drawing paper 
measuring 5G by 28 inches. 
Antozone, a name for oxygen, 
having opposite properties" to 
Ozone. 

Antrellum, a small grave or grotto ; 

also a small temple. 

Antrum, an early temple for Chris- 
tian worship. 

Antrum tumbale, a sepulchral cave 
or grotto. 

Antwerp blue, light-coloured, and 
somewhat brighter than Prussian 
blue, or ferro-prussiate of alumina. 
Haarlem blue is a similar pigment. 
Antwerp brown, a preparation of 
asphaltum, ground in strong drying 
oil, by which it becomes less liable 
to crack. 

Anvil, a large block of iron with a 
very hard, smooth, horizontal sur- 
face on the top, in which there is 
a hole at one end for the purpose of 
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inserting various tools, and a strong 
steel chisel, on which a piece of iron 
may be laid, and cut through by a 
blow with a hammer. The best 
anvils are faced with steel. This 
steel facing is shaped, heated, and 
laid on the anvil at a welding heat, 
the facing, however, being less heated 
than the anvil, and hammered ra- 
pidly until it is closely united ; the 
whole is then finished by repeated 
heatings and hammerings. The 
anvil is next hardened by raising it, 
but especially the face, to a full red 
heat, and quenching it in a large 
quantity of cold water. It is of im- 
portance to cool it rapidly, and for 
this purpose a stream of water is to 
be preferred. Should the steel facing 
not crack by this process it is ground 
until it is perfectly even, and the 
edges are made sharp or round as 
required. 

Apatite, native phosphate of lime. It 
is essentially a compound of phos- 
phate and fluoride of calcium. It is, 
on account of the phosphoric acid, 
valued as a manure. 

A-peek, a nautical term implying that 
the cable is hove taut, so as to bring 
the vc'-el nearly over her anchor; 
the yards are a-peek when they are 
topped up by contrary lifts. 

Aperture, an opening in a wall, door- 
way, or window. 

Apex, the top or highest point of a 
cone, mountain, pyramid, spire, roof, 
etc. 

Aphelion, that point of a planet’s 
orbit which is at the greatest distance 
from the sun. 

Aphlogistic, without flame. If a 
coil of red hot platinum is placed in 
the vapour of ether, it continues to 
glow with a bright light — this is tlie 
principle of the aphlogistic lamp. 

Apiary, a place where bcca are kept. 

Apis, the bee The insects of this 
genus live chiefly on the nectar of 
flowers. There are numerous va- 
lieties. 

Aplanatic, lens, a lens without 
deviation. A lens to be aplanatic 
must be of that figure >\hich destroys 
aberration, and it must be achro- 
matic. It is important in the prac- 
tice of photography. 

Aplome, a mineral of a deep orange- 
colour. A variety of the iron-lime 
garnet. 
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.plustre, in early naval architecture, 
a carved tablet fixed on the extre- 
mity of a ship’s head, or ensign. 

Apodyterium, a dressing-room or 
anteroom to a bath in Roman vil- 
las, contiguous to the laconicum. 

apogee, when the points of the orbits 
of the sun, moon, or planets are 
most remote from the earth. 

-Lpollonicon, a chamber organ of 
great power. 

Ipophyge, in architecture, that part 
of a column between the upper fillet 
of the base and the cylindrical shaft, 

' which is usually curved into it by a 
concave sweep or inverted cavetto. 

Vpostle, literally a person sent forth 
on business. 

Apostles (the), in the tables of sym- 
bols of the early ages, were repre- 
sented by twelve sheep or lambs 
issuing from Bethlehem and Jeru- 
salem, cities of Christ’s birth and 
death. 

ipotheea, a place in the upper part 
of the house, in which the Romans 
frequently placed their vines in 
earthen amphora ; also an apothe- 
cary’s shop, a cabinet, storehouse, 
etc. 

Ipothesis, a recess on the south 
side of the chancel of a church, fitted 
up with shelves for books, vestments, 
etc. 

Apparatus, a term denoting a com- 
plete set of instruments belonging 
to an artist or a mechanist. 

Vppian "Way, a celebrated road lead- 
ing from Rome to Brundusium : so 
named from Appius Claudius. 

Appii Forum, the forum built by Ap- 
pius, the Roman consul, about fifty 
miles distant from Rome, near the 
modern town of Piperno, on the 
way to Naples. The uses to which 
the Romans applied the forum were 
so various, that it is not easy to as- 
certain the nature of the building. 
It might have been a place for the 
distribution of justice, or for hold- 
ing a market. The ‘Three Ta- 
verns’ were nearer to Rome than 
the Appii Forum, as Cicero inti- 
mates, who, in going from Rome, 
a little before he came to the forum 
of Appius, arrived at the Three 
Taverns ; so that probably the chief 
number of Christians waited for the 
Apostle Paul at a place of refresh- 
ment, while some of their number 


went forward to meet him, and 
respectfully to acquaint him with 
their expectation of seeing him 
among them. 

Apple-tree, a wood generally hard 
and close, and of reddish-brown 
tints, used commonly in Tunbridge 
turnery, etc. 

Apricot-tree, a native wood of Ar- 
menia, used by the French in tur- 
ner}'. 

Apron, the sill or lower part of a win- 
dow' ; a platform or flooring of plank 
raised at the entrance of a dock : in 
naval architecture, a piece of curved 
timber fixed behind the lower part 
of the stern of a ship. 

Aps, the wood of the Ahele or White 
Poplar is commonly known by this 
name. (See Poplar.) 

Apse, Apsis, the east end of a church 
or chancel ; sometimes applied to a 
canopy over an altar ; a dome; the 
arched roof of a room ; the bishop’s 
seat in old churches ; a reliquary ; 
also to a circle about a star or planet. 

Apsis gradata, a bishop’s throne in 
cathedral churches. 

Apteral, in architecture , opposed to 
peripteral. Without lateral columns. 

Apteral, a temple without columns on 
the flanks or sides. 

Aqua fortis, literally, strong water- 
nitric acid ; in commercial chemistry, 
impure nitric acid. 

Aqua marine, a gem ; the varieties of 
beryl which are of clear tints of 
sea-green or sky-blue. 

Aquamale, a holv-v T ater basin. 

Aquarian, one who consecrates water 
instead of wine in the Eucharist. 

Aqua regia. Royal Water, so called 
from its power of dissolving gold: 
liitro-muriatic acid ; a compound of 
two parts nitric acid and one part 
muriatic acid. 

Aquatinta, or Aquatinta-engrav- 
ing, in the arts, a mode of etching 
by which an effect similar to an 
Indian-ink drawing is produced. 

Aqua Vitae, a name formerly applied 
to all ardent distilled spirits, now 
applied chiefly to brandy. 

Aqueduct, a conduit for water: a 
construction of stone or timber, built 
on uneven ground, to preserve the 
level of water, and convey it by a 
canal from one place to another. 

Aquemola, a water-mill. 

Aquila, a reading-desk, so called from 
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its shape being that of an eagle with 
extended wiDgs, supported by a pe- 
destal. 

Arabesque, generally applied to a 
style of ornament for pilasters, friezes 
consisting generally of scrolls of 
flowers, foliage, and fruits. The or- 
naments painted by Raffaelle in the 
Vatican are the finest examples of 
arabesque painting. 

Arabin, a gum-exudation from the 
bark of trees, of which gum-arabic is 
a type. 

Arabo-tedesco, a term applied to the 
Moorish style of buildings in Spain : 
the term is almost synonymous with 
Byzantine. 

Ara dignitatis, an altar at which 
none but the highest ecclesiastics 
perform divine rites. 

Arseo style, in architecture , the great- 
est interval or distance which can 
be made between columns, that is, 
eight modules or four diameters ; 
also a species of temple which has 
its columns placed widely asunder. 

Aragonite, a peculiar kind of carbo- 
nate of lime, originally found in 
Aragon, in Spain. 

Aragu, sticklae as it exudes from the 
tree. 

Arangoes^a species of beads made of 
rough cornelian ; they were formerly 
imported from Bombay, principally 
for re-exportation to Africa, where 
they were used as money : this has 
nearly, if not entirely, ceased. 

Arak, an intoxicating drink made by 
the Tartars from mare’s milk ; called 
also Koumis, which see. (See also 
Arrack.') 

Araki, a fermented liquor made in 
Egypt from the juice of dates. 

Arbor, a spindle or axis upon which 
a ring or wheel is turned in a 
lathe. 

.Arbor Dianae, in chemistry , crystals 
formed by the combination of silver 
and mercury. 

Arbores, brass branches for lights 
suspended from ceilings. 

Arboretum, a grove of trees in a 
park, pleasure-ground, or garden. 

Arbor Vitse, a tree which attains to a 
height of from 40 to 50 feet ; its wood 
is of a reddish colour, very light, 
soft, and fine-grained, and is much 
used in house carpentry. 

Arc, in geometry , part of the circum- 
ference of a circle, or any curve 
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lying between two points; a bow, 
vault, or arch. 

Area, a place in a vaulted chamber 
for sepulchral purposes ; an excava- 
tion before the basement story of a 
house ; an enclosed space ; a chest 
in which the Romans deposited their 
money : the word is also used to 
signify a beam of wood which has 
a groove or channel hollowed in it 
from one end to the other. 

Ajcade, a series of recesses with 
arched ceilings or soffits ; a covered 
passage: in modern appliances, a 
vaulted avenue, now much in vogue, 
more particularly in Paris. — Ar- 
cades, though less magnificent than 
colonnades, are of extraordinary 
beauty when well contrived, afford- 
ing shade from the sun and shelter 
from the rain. Though not so mag- 
nificent as colonnades, they are 
stronger, more solid, and less ex- 
pensive. They arc proper for tri- 
umphal entrances, gates of cities, of 
palaces, of gardens, and of parks; 
for public squares, markets, or large 
couits in genera], and for all aper- 
tures that require an extraordinary 
width. 

Arc®, in Roman architecture, the 
gutters of the cavcdium. 

Arc-boutant, a kind of arched but- 
tress formed of a flat arch, or part 
of an arch, and abutting against 
the feet or sides of another arch 
or vault, to support them, and pre- 
vent them from bursting or giving 
way. 

Arcella, in mediaeval architecture, a 
cheese-room. 

Arch, the curved part of a building, 
supported at its extremities only, 
and concave towards the earth ; a 
vaulted roof, or dome, constructed 
either with bricks, stone, or other 
materials : the arch of a bridge is 
formed of segments of a circle, ellip- 
tical or catenarian. An arch of ma- 
sonry is a ring of wedge-formed 
stones called arch stones pressing 
against each other at surfaces called 
bed-joints, which ought to be perpen- 
dicular to the internal concave sur- 
face of the arch, called the soffit. An 
arch may spring at once from the 
ground, then its abutments are its 
foundation, or from buttresses, or a 
wall with or without counterforts.— 
Arches are used in large intcrco- 



&BC 


ARCH. 


ABO 


luiuniations of spacious buildings ; 
in porticoes, both within and with- 
out temples ; in public halls, as ceil- 
ings, the courts of palaces, cloisters, 
theatres, and amphitheatres : they 
are also used to cover the cellars in 
the foundations of houses and pow- 
der-magazines ; also as buttresses 
and counterforts, to support large 
walls laid deep in the earth ; fur 
triumphal arches, gates, windows, 
etc. ; and, above all, for the founda- 
tions of bridges and aqueducts : they 
are supported by piers, abutments, 
imposts, etc. — -Arches are of several 
kinds, circular, elliptical, cycloidal, 
catenarian, etc., according as their 
curve is in the form of a circle, 
ellipse, cycloid, catenary, etc. Arches 
are to be found in the Greek theatres, 
stadia, and gymnasia, some of them 
erected probably 400 years before 
Christ. The most ancient arches of 
which we have correct data are those 
of the cloacce at Rome. The Emperor 
Hadrian threw an arched bridge over 
the Cephisus, between the territories 
of Attica and Eleusis, on the most 
frequented road of Greece. — Arches 
must always rise from an impost or 
a plat-band; and if there be no key- 
stone to the archivolt, its summit 
should be kept down from the under 
side of the architrave of the accom- 
panying order, at least half the dis- 
tance that it would be, were a key- 
stone employed, in order that the 
disagreeable appearance of the acute 
angle which it would otherwise form 
with the architrave may be avoided. 
—The height of arches to the under 
side of their crowns should not ex- 
ceed twice their clear width, nor 
should it be much less ; the piers not 
less than one-third the breadth of 
the arch, nor more than two-thirds ; 
but the piers at the angles should be 
wider than the other piers by one- 
half, or one-fourth at least. — In 
arches that are of large dimensions, 
the keystone should never be omit- 
ted; its carving, however, may be 
dispensed with, if expense be an ob- 
ject. When the piers are decorated 
with disengaged columns, the entab- 
lature must, break round over the 
columns ; and the columns, whether 
engaged or not, should stand either 
on a pedestal or high plinth, by 
which means they will not only be 


kept dry, but their bases will like- 
wise be protected from accidental 
damage. 

The following are the principal 
writers on the equilibrium of the 
arch. In 1G91, the celebrated 
mathematicians, Leibnitz, Huygens, 
James and John Bernouilli, solved 
the problem of the catenary curve : 
it was soon perceived that this was 
precisely the curve that should be 
given to an arch of which the 
materials were infinitely small and 
of equal weight, in order that all its 
parts may be in equilibrium. In the 
‘Philosophical Transactions ’ for the 
year 1697, it is stated that David 
Gregory first noticed this identity; 
but his mode of argument, though 
sufficiently rigorous, appears not to 
be so perspicuous as could be desired. 
In one of the posthumous works of 
James Bernouilli, two direct solu- 
tions of this problem are given, 
founded on the different modes of 
viewing the action of the voussoirs: 
the first is clear, simple, and precise, 
and easily leads to the equation of 
the curve, which he shows to be 
the catenary inverted; the second 
requires a little correction, which 
Cramer, the editor of his works, has 
pointed out. In 1695, La Hire, in 
his ‘Treatise on Mechanics,’ laid 
down, from the theory of the wedge, 
the proportion according to which 
the absolute weight of the materials 
of masonry ought to be increased 
from the keystone to the springing 
in a semicircular arch. The historian 
of the ‘Academy of Sciences ’relates, 
in the volume for the year 1704, that 
Parent determined on the same prin- 
ciple, but only by points, the figure 
of the extrados of an arch, the in- 
trados being a semicircle, and found 
the force or thrust of a similar arch 
against the piers. In the ‘ Memoirs 
of the Academy of Sciences ’ for the 
year 1712, La Hire gave an investi- 
gation of the thrusts in arches under 
a point of view suggested by his own 
experiments : he supposed that 
arches, the piers of which had not 
solidity enough to resist the thrust, 
split towards the haunches at an 
elevation of about 45 degrees above 
the springings or impost ; he conse- 
quently regarded the upper part of 
the arch as a wedge that tends to 
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separate or overturn the abutments, 
and determined, on the theory of the 
wedge and the lever, the dimensions 
which they ought to have to resist 
this single effort. Couplet, in a 
memoir composed of two parts, the 
llrsfc of which was printed in the 
volume of the Academy for 1729, 
treats of tlie thrusts of arches and 
the thickness of the voussoirs, by 
considering the materials infinitely 
small, and capable of sliding over 
each other without any pressure or 
friction. Dr. Hooke, towards the end 
of the last century, gave it as a 
principle that the true form of an 
arch was, the figure when inverted 
into which a chain or rope, perfectly 
flexible, would arrange itself when 
'suspended from two hooks. This he 
affirmed on the principle that the 
figure which a flexible festoon of 
heavy bodies assumes when suspended 
from two points is, when inverted, 
the proper form of an arch of the 
same bodies, touching each other in 
the same points, because the force 
with which they eventually press on 
each other, in this last case, are 
equal and opposite to the forces wdth 
which they pull at each other in the 
case of suspension. A memoir was 
published by Bouguer on the curve 
lines that are most proper for the 
formation of the arches of domes. 
He considers that there may be an 
infinite number of curve lines em- 
ployed for this purpose, and points 
out the mode of selecting them. He 
lays it down uniformly that the 
voussoirs have their surfaces infi- 
nitely smooth, and establishes, on 
this hypothesis, the conditions of 
equilibrium in each horizontal course 
of the dome, .but has not given any 
method of investigating the thrusts 
of arches of this kind, nor of the 
forces that act upon the masonry 
when the generating curve is sub- 
jected to given conditions. In 1770, 
Bossnt gave investigations of arches 
of the different kinds, in two me- 
moirs, which were printed among 
those of the Academy of Sciences for 
the years 1774 and 1776. In 1772, 
Dr. Hutton published his principles 
of bridges, in which he investigated 
the form of curves for the intrados of , 
an arch, the extrados being given, 
and vice versa. He set out by de- 
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veloping the properties of the equili- 
brated polygon, which is extiemely 
useful in the equilibrium of struc- 
tures. 

Arch, in geometry , a part of any 
curved line, as of a circle or ellipsis. 

Arch, in mining , a piece of ground 
left unworked near a shaft. 

Arch-band, applied by workmen to 
that portion of an. arch or rib which 
is seen below the general surface cf 
vaulting. 

Arch-brick, a wedge-shaped brick 
employed in the construction of 
arches. 

Arch-buttress, a piece of insulated 
masonry usually named a flying-but- 
tress, extending from the clerestory 
of a church and over the roof of its 
aisle, where it rests on the buttress of 
the outer wall. 

Arch, inverted: inverted arches must 
be used cautiously. It is not uncom- 
mon for the young architect to affect 
precautionary science , without a due 
consideration of the peculiar circum- 
stances of hi3 case. Here is an in- 



stance, in which the points a and a 
were prevented by the inverted arch 
from sinking with the points B b, 
which latter sank the more fiom the 
pressure of the arch c in the direction 
of the dotted lines. 

Arch of equilibration, that which 
is in equilibrium in all its parts, hav- 
ing no tendency to break in one part 
more than in another. 

Arch, triumphal, a building of which 
an .arch is the principal feature, 
usually raised to commemorate some 
great achievement. 

Archaeology, the study of ancient ar^ 



ARC 


ARCHITECT, 


ARC 


] 

I 

1 § 


1 


but more particularly that of the 
middle ages. 

Arched levels, or Arched ways, in 
mining: the roads in a mine, when 
built with stones or bricks, are some- 
times so called. 

Arched vaults, or groined, are 
formed by the intersection of two 
archways. 

Archeion, a recess in a Grecian tem- j 
pie, for the reception of the treasures , 
of the deity to whom the temple was 
dedicated. 

Archeion, in Athens, the office in i 
which the decrees of the people 
and other state documents were pre- 
served. 

Arches, Clustered, arched ribs of 
which several spring from one 
buttress. 

Arches, Groined, curved by the 
intersection of simple vaults. 

Arches, Norman, semicircular, 
which form continued to the latest 
date of this style, and is frequently 
intermixed with pointed arches, even 
when other parts had advanced into 
the next style, of which the Temple 
Church is an instance. 

There are some Norman arches 
more than a semicircle, — the horse- 
shoe, — and a few instances of a double 
arch. 

Arches, Skew, arches derived from 
symmetrical arches by distortion in 
a horizontal plane. The angle of 
she.w or obliquity is the angle which 
the axis of the archway makes with 
a perpendicular to the face of the 
arch. These are frequently employed 
for railway bridges. 

Archetus, a saw for cutting stones: , 
Muratori used the term for a crane , 
or pulley for raising stones to the i 
upper part of a building. 

Archiepiscopal palace, the dwelling | 
of an archbishop. 

Archil, a dye drug. (See Orchella.') ' 

Archimedes Screw-propeller, in 
183(5, was launched by T. P. Smith, 
patentee. The vessel 232 tons, 125 
feet long, 21 feet 10 inches beam, 80- 
horse power. 

Archimedean Screw, a tube wound 
round a cylinder invented by Archi- , 
modes and used by him for raising j 
water. A plate so twisted forms a - 
screw and is now applied to propel 
vessels through water. 

Architect, a person skilled in the art I 


of building ; one who forms plans 
and designs for edifices, conducts the 
work, and directs the secondary 
artificers employed ; and whose emo- 
luments are generally 5 per cent, on 
the amount of money expended, 
Architecture, a science, applicable to 
the art of constructing domestic, 
ecclesiastical, municipal, palatial, or 
other buildings, and the adornment 
of the same according to the rules of 
the several orders, Doric, Ionic, and 
Corinthian, also the Tuscan and 
Composite, from Roman models, or 
other styles. ‘Architecture,’ says 
Palladio, ‘being grounded upon rules 
taken from the imitation of Nature, 
admits of nothing that is contrary or 
foreign to that order which Nature 
has prescribed to all things. An 
architect is not restrained from de- 
parting sometimes from common 
methods or usage, provided such 
variation be agreeable and natural/ 
Architecture, the Orders of.— 
Among the ancients, the use of the 
orders was' very frequent; many 
parts of their cities were provided 
with spacious porticoes, their temples 
were surrounded with colonnades, 
and their theatres, baths, basilica*, 
triumphal arches, mausolea, bridges, 
and other public buildings were 
profusely enriched with columns; as 
were likewise the courts, vestibules, 
and halls of their private villas and 
houses. 

The following are the principal 
orders of which any notice need be 
taken in this work. 

Cyclopic or Cyclopjsan, a rude 
walling formed of large stones sup- 
ported by their own weight: some- 
times called Ptlasgic architecture, 
since it has been supposed to have 
originated with the Pelasgi. 

Hindoo. The temples were origi- 
nally cave temples, then structures 
modified from the original cave. The 
modern Hindoo Pagoda is composed 
of a rectangular mass, surmounted 
by a graduated truncated pyramid. 
This species of architecture is of high 
antiquity, and everything in its 
composition and arrangement is 
determined by immutable precepts 
of a religious nature. 

Egyptian. Cave temples are 
found in Egypt as in India, but the 
earliest form of Egyptian archiiec- 
23 
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tnre are the Pyramids, which are 
almost solid masses of masonry whose 
bases are squares and whose inclined 
sides are almost equilateral triangles: 
some of them are truncated, and 
some of them run up to a point. The 
Egyptian temples do not usually 
pre.-ent, externally, the appearance 
of being columned, a boundary wall 
or p< ribolus girding the whole and 
preventing the view of the interior, 
except the lofty tops of a tall avenue 
of columns with their superimposed 
terrace, of the tapering obelisks in 
some of the courts, or the dense mass 
of a structure which is the body of 
the temple itself, inclosing the 
thickly columned halls. Boldness 
and breadth were studied in every 
part, and a gloomy grandeur were ; 
studiously secured to impress, with- 
out doubt, the worshippers with awe. ; 
Egyptian architecture had its origin 
2222 years before Christ, and ad- 
vanced and flourished under different | 
dynasties. The first includes the 
two great dynasties of Theban princes | 
who governed Egypt during her 
1 most high and paimv state/ when 
Thebes sent forth her armies to dis- 
tant conquest. In the second period 
is comprised the erection of the 
Pyramids. The third includes the 
reigns of the Ptolemies and earlier 
Caesars, under whom Egyptian archi- 
tecture flourished in a second youth, 
and almost attained its original 
splendour. Egyptian architecture, 
so massive and so sombre, with its 
vast aisled halls without windows, 
its close files of gigantic columns, 
and its colossal statues, owes many 
characteristic forms and effects to 
earlier cavern temples in Ethiopia. 
One of the most striking peculiarities 
of the style is the pyramidal cha- 
racter of the ascending lines : it is 
observed in the outline of the portal 
and the gigantic pylon, in walls, 
doorways, pedestals, and screens: it 
pervades the whole system, and 
nuiat have been occasioned by cir- 
cumstances connected with its origin. 
Tile representations given in ancient 
painting show a remarkable love of 
uniformity of arrangement of their 
domestic houses and gardens. In an 
ordinary house a number of chambers 
were ranged round a rectangular 
court. The larger mansions some- 
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times consisted of an assemblage of 
such court?, the whole occupying a 
square or oblong plot. Sometimes a 
central group of buildings, was sur- 
rounded by a narrow court. A 
spacious area often extended from 
fiont to rear, with a chief and side 
entiances at either end: the exterior 
had nothing of the ponderous cha- 
racter of temple structures, which 
would have been ill-suited to the 
wants and festivities of social life. 
Houses two and three stories high 
were common ; but large mansions 
appear to have been low and exten- 
sive rather than lofty. The terraced 
top was covered by an awning or 
roof, supported on light graceful 
columns. 

Grecian Doric, the earliest and 
most simple form of columuar edifice. 
The Doric column was first adapted 
to edifices having the proportions, 
strength, and beauty of the body of a 
man. The trunks of trees probably 
suggested the first idea of columns, 
but in the Doric style the propor- 
tions of a man appear to have been 
adopted. A man was found to be 
six times the length of his foot, 
hence tiie plain Doric columns were 
made six diameters in height. The 
Greeks composed their beautiful tem- 
ples upon this idea: their simplicity 
and harmony are remarkable — sim- 
plicity in the long unbroken lines 
which bound their forms and the 
breadth and boldness of every part ; 
harmony in the evident fitness of 
even* part to the rest. 

Roman Doric, an imitation of the 
Grecian, but in some of the best 
examples, the column is eight times, 
the diameter in height ; the shaft is 
quite plain except fillets above and 
below with escape and eorvetto, and 
it diminishes one fifth of its diameter. 
The capital is four-sevenths of a 
diameter high, and is composed of a 
torus which forms the hvpotrache- 
lium, and with the necking occupies 
one-third of the whole height ; three 
deep fillets with a quarter round 
moulding are intended to represent 
the ovulaand annulets of the Greek 
capital. The Doric order, says 
Palladio, was invented by the Do- 
rians and named from them, being a 
Grecian people which dwelt in Asia, 
If Doric columns are made alone 
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without pilasters, they ought to be 
seven and a half .or eight diameters 
high. The mtereolumns are to be 
little less than three diameters of 
the columns; and this manner of 
spacing the columns is by Vitruvius 
coiled Diastylos. 

The ancients employed the Doric 
| lit temples dedicated to Minerva, to 
I Mars, and to Hercules, whose grave 
and manly dispositions suited well 
| with the* character of this order. 
Serlio says it is proper for churches 
dedicated to Jesus Christ, to St. Paul, 
St. Peter, or any other saints re- 
markable for their fortitude in ex- 
posing their lives and suffering for 
the Christian faith. Le Clerc re- 
commends the use of it in all kinds 
mils, 

. >oms, 

I ■ like- 


wise be employed in the houses of 

generals or other martial men, — in 
mausoleums erected to their memory, 
or in triumphal bridges and arches 
built to celebrate their victories. 

I The height of the Doric column, 
including its capital and base, is 
sixteen modules ; and the height of 
the entablature, four modules ; the 
latter of which being divided into 
eight parts, two of them are given 
to the architrave, three to the frieze, 
and the remaining three to the cor- 
nice. 

Vitruvius himself makes the Doric 
column in porticoes higher by half 
a diameter than in temples; and 
modern architects have, on some 
occasion*, followed his example. In 
private house*, therefore, it may be 
HU, 10.V, or lf»§ modules high ; in 
interior decorations, even seventeen 
modules, and sometimes perhaps a 
trifle more ; which increase in the 
might may be added entirely to the 
haft, as in the Tuscan order, with- 
out changing either the ba»e or 
apital. The entablature, too, may 
•main unaltered in all the aforesaid 
tscs ; for it will be sufficiently bold 
it ho lit alteration. 


In some of the ancient temples the 
ovic column is executed without a 
ise. Vitruvius likewise makes it 
ithout one ; the base, according to 
lat author, having been first em- 
oyed in the Ionic order, to imitate 
ic sandal or covering of a woman’s 
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foot. Scamozzi blames this practice ; 
and most of the moderns have been of 
his opinion, the greatest part of them 
having employed the Attic base in 
this order. 

Grecian Ionic. The most graceful 
and elegant style adopted by the Athe- 
nians. The most perfect example of 
which W'as the Acropolis. A much 
greater variety is found in the com- 
position of the Ionic than of the 
Doric order. This order consists of 
three parts, called the Stylobate, the 
Column, and the Entablature. The 
stylobate is in three receding equal 
courses of steps, whose total height 
is from four-fifths of to a whole 
diameter. The column, consisting of 
base, shaft, and capital, is rather 
more than nine diameters in height. 
The entablature, rather more than 
two diameters in height, is divided 
into three parts, architrave, frieze, 
and cornice. 

Roman Ionic. The temple of 
Manly Fortune is the only example 
in Rome of this order. * It does 
not differ widely from the Greek 
Ionic. 

Grecian Corinthian. This order, 
like Ionic, consists of stylobate, co- 
lumn/and entablature. The stylobate 
is moulded in harmony with a more 
ornate style. The column consists 
of base, shaft, and capital, and is 
ten diameters in height. The capital 
is a diameter and rather more than 
one third in height, its cone is a 
perfect cylinder. This is banded by 
a row of water leaves one sixth of 
the whole height, and another of 
leaves of the acanthus, with flowered 
buttons attaching them to the cylin- 
der. The entablature is two diame- 
ters and two sevenths in height and 
is more ornamented than either of the 
other orders. 

The three columns in the Campo 
Vaceino, supposed remains of the 
temple of Jupiter Stator, are gene- 
rally allowed to be the most perfect 
models of the Corinthian order 
amongst the antiques at Rome. 
Palladio, in his fourth book, where 
he gives the whole profile at large, 
acknowledges that he never had seen 
any work better executed, or more 
delicately finished ; that its parts are 
beautifully formed, well-proportioned, 
and skilfully combined ; all which 
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last qualities are certainly biguitied 
by his benissimo intest. 

With, these favourable sentiments, 
it is extraordinary that, in his design 
of the Corinthian order, he should 
have so very considerably deviated 
from this excellent original as 
scarcely to leave the smallest shadow 
of resemblance. 

Vignola, in his Corinthian profile, 
has chiefly imitated the above-men- 
tioned fragment, and the interior 
order o f the Pantheon, another very 
perfect model. His composition is 
uncommonly beautiful, and, with- 
out dispute, superior to that of any 
other master: he artfully collected 
all the perfections of his originals, 
and formed a whole far preferable to 
either of them. 

Roman Corinthian differs mainly 
from the Grecian in the pro- 
portions observed. The Romans had 
a composite Corinthian, in which 
the shafts of the columns are corded, 
and animals, the human figure, 
and foliage introduced as orna- 
ments. 

Grecian Caryatides. Usually a 
projection from the flank of the prin- 
cipal Ionic structure. On a square 
plinth, which bases a draped female 
figure, on the head of which there 
is imposed a circular moulded block. 
St. Pancras church in the Metropolis 
has an example of the Caryatic Older. 

Saracenic Style or Moorish. 
The real distinctive feature of the 
Saracenic style E the horse-shoe arch, 
which is the greater segment of an 
ellipse, nearly, on a conjugate chord. 
The columns from w'hicli the arches 
are sprung are slender, and the 
superincumbent masses arc broad and 
heavy. The enrichments of Sara- 
cenic architecture are very much 
confined to flat surfaces, the walls 
being sculptured all over with mono- 
tonous ornaments. 

Byzantine Architecture. The 
patriarchal church of St. Mark’s at 
Venice is the best example of this 
style. It was built by a Constantino- 
politan architect in the ninth or 
tenth century, and may be regarded 
as a specimen of the architecture of 
the Byzantine capital at that time. 
It does not differ in any essential 
particulars from the Saracenic. 

About the year a.d 328, Constan- 


tine, who had previously resided at 
Rome, commenced his new capital in 
the East, which was called after his 
name, and in May, 330, was solemnly 
dedicated to the Virgin Mary. He 
adorned it with so many stately 
edifices that it nearly equalled the 
ancient capital itself : he here built 
a cathedral dedicated to Santa 
Sophia, or the Eternal Wisdom, and 
a church to the Apostles. This 
cathedral, having been twice de- 
stroyed bv fire, was finally rebuilt 
about 532 a.d., by Justinian, w r ho 
had invited the celebrated architect 
Anthemius to Constantinople for 
that purpose. It was completed in 
six years from the time of laying 
the first stone. 

The Emperor, in bis admiration of 
this magnificent edifice, is said to 
have exclaimed, ‘ I have vanquished 
thee, 0 Solomon : * and with justice 
might he glorify himself, for the 
dome of St. Sophia is the largest in 
the world, and the more to be admired 
in its construction from the lowness 
of the curvature. 

This is the earliest Byzantinebuild- 
ing extant, totally dissimilar in ar- 
rangement to the Christian churches 
in the empire. 

The plan of the interior is that of 
a Greek cros«, the four arms of which 
are of equal length ; the central part 
is a square, the sides are about 115 
feet in length. At each angle of the 
square a massive pier has been 
carried, 86 feet in height from the 
pavement, and four semicircular 
arches stretch across the intervals 
over the sides of the square, and rest 
on the piers. The interior angles 
betw een the four piers are filled up 
in a concave form. At 145 feet from 
the ground is the level of the spring- 
ing of the dome, which is 115 feet in 
diameter ; the form is a segment of 
a circle, and the height is equal to 
one-sixth of its diameter at the base. 
On both the eastern and western side 
of the square is a semicircular recess* 
with domes that rest against the 
main arches, and assist in resisting 
the lateral thrust. On the north and 
south sides of the square are vesti- 
bules forming a square on the plan. 
Above the vestibules aTe galleries 
appropriated to women during the 
performance of worship. The whole 
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church is surrounded by cloisters, and 
enclosed by walls. 

Indian Architecture may be 
regarded as belonging to a very early 
period of history. It consists of two 
distinct styles, — the Buddhist and the 
Brahminical, — the former being the 
earliest, and consisting of topes or 
tumuli, large domical buildings of 
brick or stone, either quite solid or 
containing one or more small cham- 
bers, in which are deposited relics, 
coins, and other similar objects, 
which the greater number of them 
were erected to enshrine. The 
principal topes are now found in 
Ceylon and Afghanistan, but they 
also exist in Burraah and in other 
neighbouring countries. 

The next class of Buddhist build- 
ings are the Chaitya halls, similar in 
plan and use to the early basiliccc ; 
these exist principally in caves in 
India. And lastly, viharas or mon- 
asteries, in which the monks attached 
to the Chaitya halls resided ; these 
also exist principally as caves in 
India, and as structural buildings in 
all countries where Buddhism is still 
practised. 

Brahminical or Hindoo architec- 
ture consists mostly of temples, pro- 
perly so called. These in almost 
every instance are towers, square in 
plan, or nearly so, built over the cell 
or sanctum of the temple. In the 
south of India, the upper part fprms 
a right-lined pyramid ; in the north, 
the outline is curvilinear, sometimes 
tapering to a spire. 

To these towers are attached 
porches of greater or less dimensions. 
In the north there are generally 
square halls without pillars — in the 
south, as universally pillared — some- 
times attached, at others detached 
from the temple itself : in the latter 
case, in the south some of the 
porches possess from 500 to 1000 
pillars, though this is never the case 
in the north. 

These temples are generally sur- 
rounded by a square court : in the 
south, three, four, and sometimes 
even seven such enclosures surround 
the principal cell, the outer one being, 
in many instances, some miles in 
circumference. 

These Hindoo temples exist 
[ sometimes, though rarely, as rock- 
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cut temples ; hut generally they are 
structvral. 

Between these styles comes a 
third, the Jaina style, being a mix- 
ture of the two, possessing some of 
the characteristics of both, and fre- 
quently displaying more elegance 
than the first, and le»s tawdriness 
than the other. By the introduction 
of domes, whose use was thus brought 
to great perfection, an element was 
added which was a great improve- 
ment on the other two styles, and 
from which that of Jaina originated. 

The absence of the arch in all con- 
structions of every age is general 
throughout India, as the principle 
was quite unknown. 

Italian Architecture may be 
regarded as a revival of the styles of 
Greece and Rome, upon certain rules 
which probably belong to Vitruvius. 
Mouldings are limited to eight in 
number and include the fillet ; they 
are commonly called the ogive or 
ogee , the ovolo, the torus , the astragal 
or bead, the cavetto , the scotia f and 
the fillet. They are gathered from 
the classic orders, but reduced to 
regular lines and curves, arranged 
according to certain proportions j no 
two conjoined mouldings may be en- 
riched, but their ornaments must be 
disposed so as to fall regularly under 
one another, and when columns 
occur, above the middle of them. 

Pointed Architecture. The 
arch may be considered the index to 
this style, as the column has been to 
the classic orders. In Greek and 
Roman architecture, the general 
running lines are horizontal, as in 
entablatures and single cornices. In 
Pointed, the general running lines are 
vertical. In the former arches are 
not necessary to a composition, in the 
latter arches are really a fundamental 
principle. The classic orders require 
an entablature ; in the Pointed style 
no such thing as an entablature is 
applicable to the pillars, columns, or 
shafts. 

It is usual to clas3 the Pointed 
style with the Saxon and Norman - 
Gothic styles. Very few examples 
of the Saxon architecture anterior to 
the Conquest exist. The Anglo-Nor- 
man- Gotnic consists principally of 
massive columnar piers supporting 
semicircular arches, similarly arched 
27 
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doors and windows, and arches or 
small columns in relief against a dead 
wall to ornament it. There are ex- 
amples of this style which are quite 
plain in every particular, but it is 
generally enriched b}' deep congeries 
of moulding on the arches, which 
when there are no columns run down 
the jams of doors. These are again 
frequently carved, with zigzag or 
chevron ornaments. Grotesque masks 
and rude representations of animals, 
leaves, and flowers form its common 
enrichment. 

This style prevailed to the time of 
Henry II., when the pointed arch 
made its appearance. 

Pointed Architecture has been 
divided into three periods ; the Jirst is 
distinguished by pointed arches and 
long narrow windows without mul- 
lions, and a peculiar ornament, which 
from its resemblance to the teeth of 
a shark is called toothed ornaments. 

The second period is distinguished by 
its large windows w'hich have pointed 
arches divided by mullions, and the 
tracery in flowing lines forming 
circles, arches, and other figures, not 
running perpendicularly; its orna- 
ments are numerous and very deli- 
cately carved. In the time of Ed- 
ward" III., when this style w as at its 
most perfect state, the form of the 
arch admitted of an equilateral 
triangle being precisely inscribed 
between the crowning point of the 
arch and its points of springing at 
the imposts. 

The third period , the style usually 
known asjiorid Gothic; the mullions j 
of the windows and the ornamental 
panellings running in perpendicular 
lines distinguish this from the last- 
named style ; this is often called The 
Perpendicidar ; of this, Mr. Britton 
says, it gives no idea of the increased 
expansion of the windows, nor of 
the gorgeous fan-like tracery of the 
vaultings, nor of the heraldic de- 
scription of the enrichments which 
peculiarly distinguish this period, 
neither does it convey any informa- 
tion of the horizontal lines of the 
doorways, nor of the embattled tran- 
soms of the windows, nor of the vast 
pendents that constitute such im- 
portant features in the third divi- 
sion.* 

Decorative style of Gothic Architecture: 
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first introduced in the reign of Ed- 
ward I., it was matured in England, 
and prevailed during the greater 
part of the 14th century. Its dis- 
tinguishing featuies, says Dr. Whe- 
well, are characterised by its window'- 
tracery, geometrical in the early 
instances, flowing in the later ; but 
also, and perhaps better, by its trian- 
gular canopies, crocheted and finialed; 
its niched buttresses, with triangular 
heads ; its peculiar mouldings, no 
longer a collection of equal rounds, 
with hollows like the early English, 
but an assemblage of various mem- 
bers, some broad, some narrow, 
beautifully grouped and proportioned. 
A capital with crumpled leaves, a 
peculiar base and pedestal, also be- 
long to this style. 

Early English Architecture, 
the first of the pointed or Gothic styles 
of architecture used in England. It 
immediately succeeded the Norman 
towards the end of the 12th century, 
and gradually merged into the 
Decorated at the end of the 13th. 
The mouldings consist of alternate 
rounds and deeply cut hollows, with 
small fillets, producing a strong effect 
of light and shadow'. The arches 
are usually equilateral or lanced- 
shaped, though drop-arches are fre- 
quently met with, and sometimes 
pointed segmented arches: trefoil 
and cinquefoil arches are also often 
usedin small openings and panellings 
The doorways of this style, in large 
buildings, are often divided into two, 
by a single shaft or small pin, with 
a quatretoil or other ornament. The 
window's are almost universally of 
long and narrow proportions, and 
are used singly, or in combinations 
of two, three, five, and seven : when 
thus combined, the space between 
them sometimes but little exceeds 
the width of the mullions of the 
latter styles. Groined ceilings are 
very common in this style. The 
pillars usually consist of small shafts 
arranged round a larger circular 
pier, but others of a ditFerent kind 
are sometimes found. The capitals 
consist of plain mouldings, or are 
enriched with foliage and sculpture 
characteristic of the style. 

Domestic Architecture in England. At 
the termination of the York and 
Lancaster wars, the fortified style of 
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irchitecture was gradually aban- 
[oned in England ; and as we had no 
ither model of domestic architecture 
;han the gable and the cottage, by 
;he duplication of this simple form, 
in various positions, was constructed 
hat has been called the Old English 
danor-house style. If we take a 
ommon two-floored English gable 
lid cottage, add to it one, two, or 
;hrce cottages side by side, of the | 
same size, and, in order to gain rooms 
out of the roof on the sides of this | 
double or triple cottage, raise gable 
ends either projecting from the 
ground to the top of the roof, or 
merely raised from the eaves-drop ; 
if we insert broad low windows di- 
vided by simple wooden or stone , 
mullions, in these projecting gable 
ends, and similar windows at the 
ends of this double or triple cottage ; 
ornament the inclined sides of the 
gable ends above the eaves-drop by 
steps or small pinnacles, or both; 
then add a parapet, plain or embat- 
tled, wo have a manor-house in the 
most florid style. Many such houses 
came afterwards to be adorned by a 
centre of architectural decoration, in 
which Roman, Grecian, and Gothic 
were strangely mixed. There is, 
however, a certain degree of antique- 
like grandeur in such houses, which 
produces a very striking impression. 
This step towards a better style 
took place before the time of Inigo 
Jones. 

‘ The mansion at South Elmham, 
when entire, formed a quadrangle, 
as usual, of which stables and offices 
made up a part. The domestic and 
ecclesiastical styles are singularly 
combined in this building, though 
the latter seems to predominate ; and 
the occasional discovery of old floor- 
stones, of a sepulchral character, in- 
timates that the projecting porch led 
to the chapel of the dwelling, not 
into the hall ; and yet the ceilings 
of the chambers where the two wings 
and upper windows ttre observed, oil 
the right hand of the porch, are flat, 
divided into small squares by the 
girders above, and covered with 
plastered mouldings, in the manner 
usually seen in dwellings of an early 
period.' 

The two following pages contain 
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a synopsis of the proportions of the 
Orders, and of various examples of 
each, compiled by Mr. W. H. Leeds 
for Pugin’s edition of Normand’s 
‘ Parallel of the Orders.’ 

Architecture, qualities of. There 
is perhaps no subject on which 
persons are more apt to differ in 
their opinions than on the beauty 
of a building. In architecture the 
creative power of Nature herself is 
the model imitated. It is an art 
which appeals directly to the un- 
derstanding, and has not the means 
of flattering the senses in the same 
way as the sister arts ; licncc its 
productions are not universally ap- 
preciated. The beautiful models 
of Nature, however, are the index 
and guide of the painter and sculp- 
tor: a successful imitation of these 
models, even without an advance 
on the part of the artist towards 
those higher intellectual beauties 
which distinguish the historical 
painter, is capable of affecting us 
with very agreeable sensations. 
The object of an artist’s inquiry is 
not so much to investigate meta- 
physically the cause of beauty in 
the productions of his art, as to 
study the effects that flow from 
those which by the common con- 
sent of ages are esteemed beautiful, 
and thus shorten his road by an o 
priori method. It is in this way 
that he will more readily obtain 
information on those qualities 
which act on the understanding 
and excite our affections by means 
of tbe beautiful result they exhibit. 
These qualities may be classed as 
follows : — 

Magnitude and solidity, as 
qualities which affect the eye. 

Order and harmony, as quali- 
ties which affect the understand- 
ing. 

Richness and simplicity, as 
qualities which excite the affec- 
tions, — in which taste is the prin- 
cipal guide. These qualities an- 
swer to the three divisions which 
those who have written on archi- 
tecture have usually adopted, 
namely— 

Construction, in which the 
chief requisites are solidity and 
strength. 
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Design or Disposition, in 
which the principal requisites are 
order and harmony. 

Decoration, whose requisites 
arc richness or simplicity, accord- 
ing to the nature of the composi- 
tion. 

The business of an architect re 
quires him rather to be a learned 
judge than a skilful operator ; and 
when he knows how to direct and 
instruct others with precision, to 
examine, judge, and value their 
perfoimanees with masterly accu- 
racy, he may truly be said to have 
acquired all that most men can ac- 
quire : there are but few instances 
of such prodigies as Michael An- 
gelo Buonarroti, who was at once 
the first architect, painter, geome- 
trician, anatomist, and sculptor of 
his time. 

Vitruvius observes, that an art 
emiched with such variety of know- 
ledge is only to be learned by long 
and constant application; and ad- 
vises his contemporaries never to 
assume the title of architects till 
they are perfect masters of their 
ow n profession, and of the arts and 
sciences with which it is connected ; 
a caution that even in the present 
times may perhaps not be uuneces- 
saiv. 

Architecture, Naval, the art of 
constructing ships and vessels to 
float on the waters. Naval archi- 
tecture has suffered more than most 
other sciences by the arbitrary 
systems of those interested in its 
improvement. Disregarding the 
fundamental principles of all float- 
ing bodies, and too hastily giving 
up as hopeless the attainment of a 
theory combining experiment with 
established scientific principles, they 
have contented themselves with 
ingeniously inventing mechanical 
methods of forming the designs of 
ships’ bodies, which they did not 
even pretend to prove had any 
connection with the properties of 
the machine necessary to insure the 
qualities conducive to its intended 
use. For instance, some invented 
methods of forming ships’ bodies of 
arcs of circles ; others, of arcs of 
ellipses, parabolas, or of whatever 
curve they might arbitrarily assume. 
They did not attempt to show that 
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these curves possessed any property 
which would render a ship a faster 
sailer, a more weatherly or safer 
ship, than any other curve? which 
might have been adopted in the 
construction of the ship’s body. 

Architholus, a round chamber, tbe 
sudatorium of a Roman bath. 

Architrave, the lower of the three 
principal members of the entabla- 
ture of an order, being the chief 
beam, or that part of the entablature 
which rests immediately on the 
heads of the columns and is sur- 
mounted by the frieze. The moulded 
enrichments on the sides and head 
of a dor or window is called an 
architrave. 

Architrave cornice, an entablature 
consisting of an architrave and cor- 
nice only, without the interposition 
of a frieze. 

Architrave doors, those which have 
an architrave on the jambs and 
over the door. 

Architrave windows, of timber, 
are usually an ogee raised out of the 
solid, with a roll over it. 

Archivolt, a contraction of the Italian 
architrave volt u to, a collection of 
members in the face of an arch, 
concentric with the iutranos, and 
supported by imposts. An orna- 

mented band of moulding round the 
arch-stones — applied to the arch of 
a bridge ; it is the curve line formed 
by the upper sides of the arch-stones 
in the face of the work ; it is some- 
times understood to be the whole 
set of arch-stones which appear in 
the face of the work. 

Archivoltum, a cesspool or common 
sewer. 

Archway, an aperture in a building 
covered with a vault. 

Arc of contact, on the pitch line of 
a toothed wheel is that part which 
parses the pitch point during the 
action of one given tooth with the 
corresponding tooth of another wheel 
moving in contact with it. 

Arcs doubleaux, a French term for 
arch-bands, and employed by Eng- 
lish writers from the' time of I)e 
1’Orme, etc. 

Arctic, the Bear, the term applied to 
that portion of the heavens where 
the constellation of the Great and 
Little Bear are found. 

Arctic circle, a small circle of the 
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sphere of the earth, 23£° from the 
North Pole. 

Arctic pole, the northern extremity 
of the axis of the diurnal motion. 

Areubus, arquebus, or harquebus, 
a gun or hand cannon invented in 
the fifteenth century. It was cocked 
with a wheel, and carried a ball that 
weighed nearly two ounces ; the 
larger kind u-ed in fortresses carried 
a ball weighing nearly three ounces 
and a half. 

Arcula, a small coffer or box. 

Arcus, an area in the form of an 

ancient basilica. An arch ; a true 

arch is formed of a series of wedge- 
like stones or of bricks supporting 
each other, and all bound together 
by their mutual pressure. 

Arcus-t oralis, in medieval architec- 
ture, the lattice separating the choir 
from the nave in a basilica. 

Arcutio, a machine consisting of 
hoops. 

Ardassines, a beautifully fine variety 
of Persian silk. 

Ardent spirit, alcohol, spirits of wine. 

Ardesia, a slate used in Italy for 
covering roof*. 

Are, the French measure of surface 
equivalent to 100 square metres. Its 
multiples are called decare, hectare, 
mil in re, etc. (See Hectare .) 

Area, in geometry, the superficial 

content of any plane figure. la 

budding , an opening or way to the 
basement story 

Area drain, a narrow drain not 
covered, on the basement floor of a 
building, to remedy or prevent damp- 
ness in the connecting walls. 

Areas, in computing the superficial 
content of land, are generally ex- 
pressed in statute acre3, roods, and 
perches. The acre is equal to 10 
square chains of 66 feet, or 22 yards 
in length. 

Area wall, the wall which forms the 
sides of an area. 

Areca, an East Indian palm produc- 
ing nuts which are eaten with the 
leaves of the Piper Betel and lime, 
as a narcotic. 

Arena, the area or floor of an amphi- 
theatre. 

Arenaceous, that which has the 
properties of sand : applied to rocks 
in which sand is the chief ingredient. 

Arenarium, an amphitheatre, ceme- 
tery* crypt, or sepulchre. 
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Arenes, a sand, generally quartzose, 
with very irregular, unequal grams, 
mingled with coloured clays. 

Areometer, an instrument for mea- 
suring the density or gravity of fluids. 

Areopagus, the court in which the 
Areopagites, or supreme judges of 
Athens, assembled. 

Areostylos, intereolumniations when 
their distance from each other is four 
diameters. 

Arerde, reared, built, or raised up. 

Argand lamp, a lamp named after 
Argand. The current of air passes 
through a circular wick. 

Argentane, German silver, a compo- 
sition consisting of eight parts of 
copper, two parts of nickel, and 
three parts of zinc. Another form 
gives copper 50 000, zinc 25’0, and 
nickel 25'0. 

Argillaceous, that which ha« the 
property of clay — applied to rocks 
in which clay pievails. 

Argol or Argal, the crust which 
forms in wine vessels ; it is a combi- 
nation of tartaric acid and potash, 
often called tartar . 

Argyrocopeion, the mint at Athens. 

Ark, a shelter, a place of protection 
from floods ; in the time of Moses, a 
coffer or sort of bark, in shape and 
appearance like a chest or trunk ; 
also described by Moses as a little 
wicker basket, in will'll he was ex- 
posed on the Nile. The ancients in- 
form us that the Egyptians used on 
the Nile barks made of bulrushes. 
Sometimes applied to a chest used in 
farm-houses for keeping meal or 
flour. In medieval art it is a symbol 
of the body of the Virgin Mary. 

Armarium, a niche or cupboard near 
the side of an altar. 

Armenian architecture, the edi- 
fices in Armenia, erected previously 
to the cultivation of a Gneco- 
Roman architecture, supposed a.d, 
200-314. (See Architecture.') 

Armenian bole, a soft red-coloured 
earth, used occasionally as a pig- 
ment. 

Armenian stone, the commercial 
name of Lapis Lazu\\ y which see. 

Armilla, an ornament worn by Greek 
men and women as a bracelet or an 
armlet. 

Armillary, resembling a bracelet. 
The armillary sphere is composed of 
a number of hoops, each one re- 
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presenting the equator, the ecliptic, 
or some great circle. 

Armour, a defensive clothing of metal. 

Armoury, a storehouse or room in 
which armour is preserved. 

Arnatto, the name of a vegetable 
substance from the West Indies, 
of an orange-red colour, soluble in 
water and spirit of wine, principally 
used by the dyer, and in colouring 
cheese and lacquers. (See Annatto.) 

Aroma, the characteristic odour of 
substances, hen ce aromatic. 

Aronade, embattled, a junction of 
several lines forming indentations. 

Arquerite, a silver amalgam found in 
the mines of Arqueros in Chili. 

Arrack, a spiritous liquor made in 
India, from various substances, but 
often from the juice of the cocoa-nut 
tree. 

Arrage, in mining , a sharp point or 

corner. 

Arragonite, a remarkable form of 
carbonate of lime, found in different 
shapes, from hexagonal prismatic 
crystals of coralloid masses 

Arras, tapestry, hangings for rooms, 
first made at Arras in France, in the 
fourteenth century. 

Arrest, in mining y in Derbyshire, the 
seizing by the ‘ barmaster ’ of ore on 
the mine, or taking possession. 

Arricciate, arriciare, according to 
Alberti, the middle coat of the into- 
nuchi in fresco-painting ; its use is 
to obviate any defects both in the 
first and last coats ; according to 
Pozzo, the arricciate is the first coat 
of mortar laid on the wall which it is 
required to paint. 

Arris, in joinery and masonry y the 
line of concourse, edge, or meeting 
of two surfaces. 

Arris fillet, a slight piece of timber 
of a triangular section, used in rais- 
ing the slates against chimney-shafts, 
etc. 

Arris gutter, a wooden gutter of the 
V form, fixed to the eaves of a build- 
ing* 

Arris-Wise, in bricklaying, tiles laid 
diagonally. 

Arrow Boot, the starch of the Ma~ 
rantha atumhnacea , used as a nu- 
tritious food. 

Arsenal, a building for naval or mili- 
tary stores. 

Arseniate, arsenic acid united with a 
base, as arseniate of copper. 
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Arsenic, a greyish metal of a crystal- 
line appearance, and very brittle. 
It sublimes out of the air unchanged 
at 360°, but in air it is oxidised, and 
becomes arsenious acid : it is occa- 
sionally found alone, but it is gene- 
rally combined with copper, iron, 
nickel, cobalt, and other metals. 

Arsenic, "White, the common name of 
the poisonous oxide of arsenic. 

Arshin, a Russian measure of length, 
equal to 2^ feet English. 

Artesian wells, borings so called from 
a mode practised in Artois, in France, 
in boring for water. The boring 
must be sunk into a stratum which 
extends to a level higher than the 
top of the bore hole, so that the 
water overflows. It is, however, 
often now applied to deep wells sunk 
through impermeable into permeable 
strata, irrespective of the geological 
conditions of the strata. (Sec Wells.) 

Arthur’s oven. According-to the tes- j 
timony of Boethius, we had a speci- 
men of one of the Roman temples in 
Britain, built in the time of Vespa- 
sian, remaining in that singular 
little structure called Arthur’s oven, 
not far from the Wall of Antoninus. 
He says, according to tradition, 
there was an inscription on a stone 
declaring that the building was 
erected by Vespasian, in honour of 
the Emperor Claudius and the God- 
dess Victory. It had a tessellated 
pavement. It was 19 feet 6 inches 
in diameter within, arched towards 
the top, with a round aperture (like 
that of the Pantheon at Rome) in 
the midst cf the dome 11 feet G 
inches diameter, and the utmost 
height to the periphery, or edge of 
this aperture, from the floor, 22 feet 

At a little distance from the top, 
beneath the circular opening in the 
midst of the dome, was a small square 
window on one side, and round the 
inside, resting on the floor, were stone 
scats, and against the wall on the 
south side an altar ; the do^r of en- 
trance, which had a regular Roman 
arch, being placed under the square 
window. 

Arthur’s oven was pulled down 
about 1743, by Sir Michael Bruce of 
Stonehouse, near Falkirk, for the 
sake of the stones ; but with little 
profit to himself", for the stones 
were used in constructing a mili- 


dam, which was soon carried away 
by a flood. See the ‘Antiquarian 
Repertory,’ vol. iii. p. 73 ; also Pen- 
nant’s ‘ Tour in Scotland,’ pt. i. p. 
242, and pt. ii. p. 228 ; and General 
Roy’s ‘Military Antiquities,’ pi. 36 ; 
and Gordon’s ‘ Itin. Septentr.,’ p. 24, 
tab. 

Few Roman arches existing in 
Britain, — few, it appears probable, 
were ever erected in it by that people, 
and those of no great magnificence, 
— the arch was probably a recent in- 
vention when the Romans had pos- 
session of this island, 
j Artificer, one who possesses a supe- 
rior knowledge as an artist or manu- 
facturer. 

Arzica, according to Cennini. an arti- 
ficial pigment of a yellow colour, 
used at Florence for miniature-paint- 
ing. The Bolognese MS. show that 
it was a yellow lake made from the 
herb gualda, the Spanish name for 
the reseda luteola. It is also a j’ellow 
eaith used in painting ; also used for 
making moulds for casting brass. 
This earth yields an ochreous pig- 
ment of a pale yellow colour which, 
when burned, changes to an orange 
colour. 

Asarotum, a kind of chequered pave- 
ment used by the Romans. 

Asbestos, a mineral of the hornblen- 
die variety : it derives its name from 
its property of resisting the action of 
fire. It is now proposed to use this 
mineral as a packing for the pistons 
of steam-engines. 

Ascent, m mechanics, the motion of a 
body from the earth’s centre; used 
also in geometry. 

Ash, a superior wood, of British 
growth, of a brownish white, with a 
shade of green ; it is tough and 
elastic, and superior to any other 
wood exposed to sudden shock* and 
strains ; used fur frames of machines, 
wheel carriages, inside work of fur- 
niture. etc. Specific gravity, 0*76 ; 
weight of a cubic foot, 47*3 lbs.! 
weight of a bar 1 foot long and 1 
inch square, 0-33 lb*.; will bear 
without permanent alteration a 
strain of 3,540 lbs. upon a square 
inch, and an extension of of its 
length: weight of modulus of elas- 
ticity for a base of an inch square, 
l/> (0,000 lbs. ; height of modulus of 
rind icily, 4,970,000 feetj modulus 
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of resilience, 7'6 ; specific resilience, 
10. (Calculated from Barlow’s ex- 
periments.) 

Compared with cast-iron as unity, 
its strength is 0*23 \ its extensibility, 
2*G ; and its stiffness, 0*0S9. 

Ashlar, a term applied to common or 
freestones as they come out of the 
quarry. By ashlar is also meant the 
facing of squared stones on the front 
of a building : if the work be so 
smoothed as to take out the marks 
of the tools by which the stones were 
first cut, it is called plane ashlar ; if 
figured, tooled ashlar, or random 
tooled , or chiselled, or bousted, or 
pointed: if the stones project from 
the joints, it is said to be rusticated. 

Cautions to be observed in the union 
of ashlar facing with brick or rubble 
backing. — -The backing (composed of 
small material and much mortar) 



will settle more than the face ; and 
the latter will consequently bulge. 
This is easily remedied by com- 
puting, and allowing fur, the differ- 
ence of settlement ; and by a due 
regard to the occasional bonding of 
the ashlar, so as to make the wall 
one substance, instead of two diffe- 
rently conditioned. The preceding 
sketch illustrates the consequence of 
weight pressing upon unbonded 
ashlar and upon yielding rubble. 

Ashlering, in carpentry , the fixing of 
short upright quarterings between 
the rafters and the floor. 

Ash-pan, in locomotive engines , an 
iron box, open to the front only, 
attached to the fire-box to receive 
the ashe3 from the fire. 

Aspect, in architecture , the front si- 
tuation of a building, or direction 
towards any point. 

Aspen. (See Poplar Wood.) 


Asphalt, native bitumen used with a 
mixture of earth, clay, or sand, as a 
pavement. 

Asphalt Pavement, from time to 
time experiments have been made to 
form roads of asphalt mixed with 
earthy matter in various proportions. 
Of late, several experiments have 
been made in the City of London, 
and elsewhere : such pavements, both 
for carriage and foot ways, have been 
laid down. This asphalt pavement 
rests upon a bed of Portland cement 
concrete nine inches in thickness ; 
upon this the asphalt composition 
is spread in a boiling liquid state in 
two layers. The Limmer asphalt — 
so called from the district Limmer, 
near the city of Hanover, from which 
it is brought — has been in use in 
many of the continental cities for 
some years. 

The Val de Travers asphalt has 
been subjected to a satisfactory trial 
in Cheapside and the Poultry. 

Asphaltum, called also Bitumen, 
Mineral Pitch, etc. ; it is a resinous 
substance rendered brown by the 
action of the lire, natural or artifi- 
cial. The substances employed in 
painting under this name are the 
residua of the distillation of various 
resinous and bituminous matters in 
preparing their essential oils, and 
are black and glossy like common 
pitch, which differs from them only 
in having been less acted upon 
by fire, and in their being softer. 
Asphaltum is principally used in oil- 
painting: for which purpose it is 
first dissolved in oil of turpentine, 
by which it is fitted for glazing and 
shading. Its fine brown colour and 
perfect transparency are lures to its 
free use with many artists, notwith- 
standing the certain destruction 
which awaits the work on which it 
is much employed, owing to its dis- 
position to contract and crack from 
changes of temperature and the at- 
mosphere. 

Assafoetida, a gum resin with a 
strong foetid alliaceous smell, used 
medicinally. 

Assay, to examine and prove metals 
by the action of fire. 

Assay balance, a very accurate ba- 
lance, used in determining the exact 
weights of very small bodies. 
Assaying, ascertaining the qualities 
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of gold and silver with respect to 
their purity. 

A-SS-hook, in mining , a piece of 
iron turned like the letter S to sub- 
stitute a link liable to break. 

Assemblage, in carpentry and 
joinery , framing, dovetailing, etc. 

Assemblage of the Orders, in 
architecture , the placing of columns 
upon one another in the several 
ranges. 

Assembly room, the room or suite of 
rooms appropriated to the reception 
of large parties, for balls, etc. 

Asser, a term used by Vitruvius for a 
rafter, carrying the tile of a roof. 

Asseris, small rafters immediately 
beneath the tiles of a roof. 

Assize Court, an edifice erected for 
the accommodation of the officials 
and the public at the sessions of the 
judges of the superior courts. 

Assula, or Astula,chippings of blocks 
of stone, small marble slabs. 

Assurance, or Insurance, a contract 
to make good a loss. 

Assurance Companies, or Socie- 
ties, afford protection to per-ons 
from the chances or hazards to which 
their property or interests may be 
exposed. 

Assurance on human life is a con- 
tract by which a certain amount of 
capital is secured at the expiration 
of a stipulated period, either by the 
payment of a specified sum at the 
time of effecting the assurance , or by 
the annual payment of a smaller 
amount, according to the age of a 
person whose life is assured. 

A person, with the view of secu- 
ring a certain sum of money to his 
family after his death, desires to 
effect an assuiance, either for a 
determinate period, as one, three, 
five, seven, ten, or more years, or 
for the whole term of his life. In 
the first case, if the persons whose 
life is assured, die before the expi- 
ration of the term specified in the 
policy, his inheritors receive the 
amount for which the assurance has 
been effected; but, if the assured 
live beyond that period, they receive 
nothing, and the assurer reaps the 
advantage of the contingency. In 
the latter case, — that is, by assu- 
rance for the whole term of life,— the 
inheritors aie entitled to receive the 
amount named in the policy, upon 


proof of the death of the person 
whose life has been assured. To 
prevent the forfeiture of the policy, 
it is in all cases essentially important 
that the conditions upon which it 
has been granted be strictly complied 
with. 

The calculation as to the amount 
of premium should be made accord- 
ing to mathematical expectation, — 
that i«, equitably as to both parties, 
allowing a fair rate of profit to the 
party granting the assurance. If the 
terms for assuring 100/. be required, 
for one year, the probability must 
depend on the age of the person 
whose life is proposed to be assured ; 
and in equity the sum to be paid 
should be equal to the value of the 
expectation, multiplied by the proba- 
bility of its being obtained. Should 
the age of the person be forty years, 
the probability of death in the course 
of the year will be, according to the 
tables of mortality generally adopted, 
and this fraction, multiplied 
by 100, gives the price of the assu- 
rance, namely, 1*74 nearly. The 
result, according to the tables of 
mortality used in France, is V89. 
This is the rate charged by the 
‘General Assurance Company’ es- 
tablished at Brussels ; but the ‘ Belgic 
and Strangers’ Union Society’ 
charges at the rate of T87. Both 
societies adopt Dubillard’s table of 
mortality, which is deposited in the 
Bureau of Longitude in Paris. 

The profit to the assurer thus ap- 
pears to be reduced to the interest on 
the sum paid by the assured ; but 
persons in health being alone ac- 
cepted, the chance of profit thereby 
becomes considerable. For a longer 
term than one year, the calculations 
are made on an estimate of the pro- 
bable amount of interest derivable 
from the premium paid by the as- 
surer. 

Assynt marble, a white and greyish- 
white British marble, found in 
Sutherlandshire. 

Assyrian Architecture is not very 
different from the Egyptian ( which 
see )^ The architecture of the period 
of Nineveh and the lower dynasties 
may be inspected in the British 
Museum. 

Astatic needle, a magnetic arrange- 
ment upon which the influence of the 
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earth’s magnetism is rendered dor- 
mant. Two bars or needles are 
adjusted with their poles reversed. 
lAstel, in mining, a board or plank, an 
arch, or ceiling of board?, over the 
men’s heads in a mine,to protect them. 
j|Asteria. Star-stone, a Sapphire. 
gAsteroids, a term usually applied 
to the group of small planets between 
Mars and Jupiter. 

^Astragal, a small moulding, whose 
contour is circular, at the neck of 
the shafts of columns, next the apo- 
physes : it also occurs in the base 
of Ionic columns, and below the 
fasciie of the Corinthian epistylium. 
[Astragal planes, commonly called 
moulding planes. 

LStragal tool, for turning, used to 
produce a moulding or ring. 

t stralite, a glass resembling avan- 
turine — containing crystals of a com- 
pound of copper. 

strolabe, an instrument of wood or 
brass consisting of a round plane 
about 12 or 18 inches in diameter, 
with several graduated circles. By 
means of it heights, depths, or dis- 
tances can be measured. 
|Astronomy, a mixed mathematical 
2 science, which treats of the heavenly 
l bodies, their motions, periods, cclip- 
■i ses, magnitudes, etc., and of the 
I causes on which they depend: the 
knowledge of astronomy is essential 
in navigation and in measuring the 
Earth’s surface : the diameter of this, 
the third planet in the system, is 
7,924 miles and 7 furlongs. 

LStylar, a term which expresses the 
absence of columns or pilasters, 
where they might otherwise be 
supposed to occur. 

Astyllen, in mining , a small ward or 
stoppage in an adit or mine, to pre- 
vent the free and full passage of 
water, by damming up. 

Asylum, in the Greek States, the 
temples, altars, sacred groves, and 
statues of the gods ; a place provided 
for the protection of debtors and 
criminals who fled for refuge. 
Atacamite, prismatoidal green mala- 
chite, a native muriate of copper. 
Atelier, a name given to the work- 
rooms of sculptors and painters, also 
called studios. 

| Athanor, an ancient term for a metal 
furnace. 

[ Athenaeum, a school founded by the 


Emperor Hadrian, at Rome, for the 
promotion of literary and scientific 
studies. 

Ath.wart-h.awse, the situation of a 
ship when driven by the wind or 
tide across the fore-part of another. 

Atlantes, in architecture , male figures, 
used similarly to the female Carya- 
tides, in place of columns. 

Atmometer, an instrument used to 
measure the quantity of water evapo- 
rated in a given time. 

Atmosphere, the invisible elastic 
fluid which, surrounds the Earth to 
an unknown (exact) height, and par- 
takes of all its motions ; the con- 
stituent parts are — oxygen and nitro- 
gen, water, carbonic acid gas, and 
unknown bodies. The height of the 
atmosphere is measured by a column 
of mercury of 29*922 inches, which 
has been adopted in France as the 
mean height of the barometer at the 
surface of the sea. 

The mean pressure of the atmo- 
sphere at London is 28*89 inches of 
mercury = 14*18 lbs. upon a square 
inch. (Royal Society.) The pressure 
of the atmosphere at the sea level is 
usually estimated at 30 inches of mer- 
cury, which is about 14 lbs. upon a 
square inch, and equivalent to a 
column of water 34 feet high. 

Atmospheric currents, in high 
latitudes, when undisturbed, are 
westerly, particularly in the winter 
season. If storms and gales are satis- 
factorily determined to revolve by a 
fixed law, we shall be able, by study- 
ing these disturbing causes of the 
usual atmospheric currents, to dis- 
tinguish revolving gales, and thus 
dangers may be avoided and voyages 
may be shortened. The indications 
of a revolving gale are, a descending 
barometer, and a regularly veering 
wind. 

Atmospheric engine, an engine in 
which the steam is admitted only to 
the under side of the piston for the 
up-stroke ; it is then condensed, and 
the top of the cylinder being open, 
the down-stroke is caused by the 
pressure of the atmosphere. Marine 
engines on this principle have three 
cylinders connected to one crank- 
shaft, to obtain uniformity of motion. 

Atmospheric railway, a railway in 
which air is used as the propelling 
power. The conclusions drawn by 
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Mr. R. Stephenson are as follows: 1st, 
That tlio atmospheric system is not 
an economical mode of transmitting 
power, and inferior in this respect both 
to locomotive engines and stationary 
engines with ropes. 2ndly, That it 
is not calculated practically to ac- 
quire and maintain higher velocities 
than are comprised in the present 
working of locomotive engines. 
3rdly, That it would not, in the 
majority of instances, produce eco- 
nomy in the original construction of 
railways, and in many would most 
materially augment their cost. 4tkly, 
That on "some short railways, where 
the traffic is large, admitting of 
trains of moderate weight, but requir- 
ing high velocities and frequent 
departures, and where the face of the 
country is such as to preclude the 
use c* . r ' r v locomo- 
tive ■ system 

won! : . ■ . . *5thly, 

That on short lines ot railway, say 
four or five miles in length, in the 
vicinity of large towns, where fre- 
quent and rapid communication is 
required between the termini alone, 
the atmospheric system might be 
advantageously applied. 6thly, That 
on short lines, sucli as the Blackwall 
Railway, where the traffic is chiefly 
derived from intermediate points, 
requiring frequent stoppages between 
the termini, the atmospheric system 
is inapplicable, being much inferior 
to the plan of disconnecting the 
carriages from a rope, for the accom- 
modation of the intermediate traffic. 
7thly, That on long lines of railway, 
the requisites of a large traffic cannot 
be attained by so inflexible a system 
as the atmospheric, in which the effi- 
cient operation of the whole depends 
so completely, upon the perfect per- 
formance of each individual section 
of the machinery. 

Atmospheric vapour. Deluc proves 
the amount of force and vapour in 
a vacuum of any given dimensions 
is equal to its force and quantity in 
an equal volume of air at the same 
temperature, or that the temperature 
of the air will determine the force 
and quantity of vapour held in it. 
M. le Eoi, however, first observed 
the temperature at which dew com- 
mences to be deposited, as a rule of 
ascertaining the moisture of the 
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atmosphere. Mr. Dalton investigated 
the force of vapour of every tempera- 
ture, from zero to the boiling-point 
of water (Fahrenheit), and expressed 
this force by the weight of the mer- 
curial column it could support in the 
tube of the barometer. Dalton and 
Le Roi find the clear point by pouring 
cold water into a glass, and marking 
the temperature at which it just 
ceases to deposit dew on the sides of 
the glass in the open air. The tem- 
perature here observed is the point 
at which dew would begin to be 
formed. From this Dalton infers not 
only the force exerted by the vapour, 
but also its amount in a perpen- 
dicular column of the whole atmo- 
sphere, and likewise the force of evap- 
oration at the time of observation. 

Atom, an indivisible particle of 
matter: — the ultimate particle. 

Atomic -weights are the quantities 
in which the different objects of 
chemistry, simple or compound, 
combine* with each other, referred 
to a common body, taken as unity. 

Atramentum, a dye made of soot 
mixed with burnt resin or pitch, used 
by the ancients, particularly by 
painters ; used also as a varnish. 

Atrium, a term applied by the Ro- 
mans to a particular part of a pri- 
vate house : the court or hall of a 
Greek or Roman house entered 
immediately from the fauces of the 
vestibulum. 

Attal, Attle, Adall, Addle, in 
mining , rubbish, the waste matter 
from which the ore has been sepa- 
rated. 

Attar, or Ottar, or Otto, the odorous 
oily principle of flowers, more especi- 
ally of roses. 

Attic base, the base of a column of 
upper and lower torus, a scotia, and 
fillets between them. 

Attic Order, a low order of architec- 
ture, used over a principal order, 
never with columns, but with ant® 
or small pilasters. 

Attics should not be less than one- 
quarter nor more than one-third of 
the ordeT they surmount: they are 
frequently decorated with small short 
pilasters, whose breadth ought to be 
equal to the upper diameter of the 
column underneath them, and their 
projection usually not more than one- 
quarter of their breadth. 
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.ttic story, the tipper story of a 
house when the ceiling is square 
with the sides, by which it is distin- 
guished from a common garret. 
Vtticurgus, a term applied by Yitru- 
vius to the base of a column, which 
he describes as divided by a scotia or 
trochilus, with a fillet above and 
•£ below, and beneath all a plinth. 
Attributes, in architecture , symbols 
< given to figures, or disposed as orna- 
ments on a building, to indicate a 
distinguished character, 
attrition, the rubbing of bodies one 
against another, so as to destroy their 
1 surfaces. 

SAuditorium, an apartment in 
monasteries for the reception of 
stvangers; also, a place where the 
■* Roman orators and poets recited their 
compositions. 

Auger, a tool for boring large holes ; 
— it consists of a wooden handle, termi- 
1 nated at the bottom with steel, 
i/ula, an area or open place; in 
ancient Roman architecture, a court 
or hall. 

Luleolum, a small church or chapel. 
Vureola, a crown of glory, given by 
statuaries, etc., to saints, etc., to 
denote the victory they have ob- 
tained. 

Aurificina, a place for melting and re- 
fining gold, etc. 

i'.i' \ i . * 1 1 . \, * * ■ . : a • . leaves 

I » . : doured 

!| •• . ,■ , ■ : . middle 

ages in mural painting as a substitute 
for gold, 
kurum, anciently, gold, 
lurum Musivum, Mosaic gold, an 
amalgam of tin, mercury, sal am- 
monia, and sulphur. It is employed 
as a bronzing powder for plaster 
figures. 

Autogenous soldering, a process of 
soldering invented in France by the 
Count de Richemont in which an 
hydrogen flame is urged by common 
air, and the flame is used at once to 
effect the soldering, with either ordi- 
s nary solder or lead. 

| A'rtomr.t m.i, .. . •. self-acting 

1 s«i . ! f weights, 
levers, pulleys, and springs, by means 
of which it continues in motion tor a 
definite period. 

r 

I Autotype, a process of tine art print- 


ing, based upon the photographic 
pictures produced on the mixture of 
gelatine and the bichromate of potash 
By this process fac-similes of the 
works of the artist are produced. (See 
Photography.') 

Auxiliary, or cushion-rafter, a term 
applied to the raking-piece of the 
truss in a green post. 

Avalage,FV.,in metallurgy , the balling 
proce&s. — ‘It consists in collecting to- 
gether by means of the bar all the 
pieces of decarbonised iron, and form- 
ing them into a bull in the centre of 
the hearth/ — Percy. (See Balling .) 

Avant mure, an outward wall. 

Avanturine, a translucent quartz of 
a broun cr reddish-brown colour, 
always found enclosing particles of 
mica. 

Avenue, a passage from one part of a 
building to another. 

Average produce, the quantity of 
metal contained in 100 parts of ore. 

Average standard, the price per ton 
of fine copper in the ore after deduct- 
ing the charges for smelting. 

Averruncator, an instrument for 
cutting off the branches of trees. 

Aviary, an apartment or building for 
the keeping of birds. 

Avignon-berries, the small yellow 
berries of the buckthorn, used for 
dyeing. 

Avoirdupois, the common weight of 
this country, consisting of 16 ounces 
(of 437 h grains) to the pound or of 
7,000 grains. It is used for all sub- 
stances but gold, silver, and precious 
stones. 

Avolta, a place vaulted or arched 
over. 

Awash. : an anchor hove to the surface 
of the water is awash. 

A-weather, a term applied to the 
helm of a ship when it is put in 
the direction from which the wind 
blows. 

Aweigh, an anchor is said to be 
aweigh when it is lifted out of the 
ground. 

Awning, a covering of canvas over 
the deck of a vessel, or over a boat, 
as shelter from the sun or rain. 

Axal section, a section through the 
axis of a body. 

Axes, the timbers of a roof which 
form two sides of a triangle, the 
tignum being the base : more gene- 
rally termed Principals, 


39 


AXE 


AXLE. 




Axe, or broad axe, a tool used in 
hewing timber. 

Axe-stone, a name for jade, the 
Indians of the Pacific Islands making 
hatchets of it. (See Jade.) 

Axiom, a self-evident truth. 

Axis, in architecture , an imaginary 
line through the centre of a column, 
etc., or its geometrical representa- 
tion : where ditferent members are 
placed over each other, so that the 
same vertical line, on the elevation, 
divides them equally, they are said 
to be on the same axis, although 
they may be on different plane* : 
thus, trigJyphs and modillions arc 
so arranged, that one coincides with 
the axis or line of axis of each co- , 
lumn : in like manner, the windows 
or other openings in the several 
stories of a facade must all be in the 
same respective axis, -whether they 

are all of the same breadth or not. 

In geometry , the straight line in a 
plane figure, about which it revolves 

to produce or generate a solid. In 

mechanics , the axis of a balance is 
the line upon which it moves or turn-?. 

In turning , an imaginary line 

passing longitudinally through the 
middle of the body to be turned, 
from one point to the other of the two 
cones, by which the work is sus- 
pended, or between the back centre 
and the centre of the collar of the 
puppet which supports the end of the 
mandril at the chuck. 

Axis of a circle or sphere, any line 
drawn through the centre, and ter- 
minated at the circumference on both 
sides. — Of a cone, the line from the 
vertex to the centre of the base. — Of 
a cylinder, the line from the centre 
of the one end to that of the other. — 
In peritrochio, a wheel and axle, 
one of the live mechanical powers 
or simple machines; contrived chiefly 
for the raising of weights to a con- 
siderable height, as water from a 
well, etc. — Of rotation, of any 
solid, the line about which the body 
really revolves when it is put in 
motion. 

In every possible change of position 
of a rigid body relatively to a fixed 


\ ■ ■ . \ 

Axle, in locomotive engines, journal , 
or neck, the part of the axle turned 

40 


and polished for revolving in the 
axle-box bearing. 

Axle, axle-tree, the bar which joins 
the wheels of a carriage, upon which 
the carriage is carried. 

Axle-bearing, in locomotive engines, 
the gun-metal, or other metal bear- 
ing, under which the axle journal 
revolves : it is nicely fitted to the 
journal, and lubricated by a siphon, 
to reduce, as far as practicable, the 
fiiction on the journal. 

Axle, leading, in locomotive engines, 
the front axle of the engine : eight- 
wheeled engines have two axles in 
front of the driving wheel axle, and 
they are often called leading axles. 

Axle, trailing, the last axle of the 
engine, usually placed under the 
foot-plate : in Stephenson’s and 
Crampton's patent engines, the driv- 
ing wheel axle is the last axle. 

Axles, driving wheel, in locomotive 
engines, with inside cylinders, this 
is a cranked axle ; with outride cy- 
linder s, it is a straight axle ; it is 
called the driving axle because the 
connecting-rods and eccentric-rods 
connect this axle to the pistons, 
slide-valves, and pumps, and by con- 
verting the rectilinear motion of the 
pi>ton into a rotatory one, it propels 
or drives the engine in the direction 
required. 

Axle-box, in locomotive engines, the 
box (usually cast iron) fitted up with 
a metal bearing in it, which rests 
upon the polished part of the axle. 

Axle-box cover, in locomotive en- 
gines, the plate of iron (usually lined 
with leather) fitted to the top^of the 
axle-box to keep the oil clean, and 
also from shaking out by the motion 
of the engine. 

Axle-box siphon, in locomotive 
engines, the small tubes fitted into 
the top of the axle-box for feeding 
oil on to the axle journal as it re- 
volves : the oil is fed by a piece of 
cotton or worsted, having one rnd 
introduced into these pipes, and the 
other end lying down amongst the 
oil in the axle-box. 

Axle-guards, or horn-plates, in 
locomotive engines, the parts of the 
frame in which the axle-box slides 
up and down, as acted upon by the 
springs. 

Axle-guard stays, in locomotive en- 
gines, the iron rods bolted to the 
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^prame and to all the ends of the axle- 
guards, to strengthen them, 
vr-stone, snakestone, which see; 
also Hones. 

zimuth compass, an instrument 
used at sea for rinding the sun’s mag- 
netic azimuth. 

limuth. dial, a dial of which the 
style or gnomon is perpendicular to 
the plane of the horizon. 
iote, the old name of Nitrogen, a 
gas which forms an important consti- 
tuent of atmospheric air, etc., hut 
which, when breathed alone, destroys 
.life. (See Nitrogen.') 
sure, blue colour ; in painting , a 
bright and florid tint of blue, equal 
in force to ultramarine with the 
: addition of a little white. (See Ultra- 
marine .) 

.zzuro di Biadetto, an aitificial 
pigment ; it is the same as bice or 
cendres blenes ; it is sold in Italy 
under the name of Biadetto. 

,zzuro di Pozzuoli, another name is 
J smalt o ; it is a kind of glass com- 
Iposed of sand, nitre, and copper 
■tilings, ground, and used in fresco- 
painting. The Vestorian azure 

( which Vitruvius describes, 
zzuro di terra. (See Bice.) 
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abel. Tower of. According to Sacred 
History, built by the posterity of 
Noah, after the Flood ; remarkable 
for its great height, and for the dis- 
appointment of the builders by the 
confusion of their language. It was 
erected in the plain of Shinar, upon 
the banks of the great river Euphrates, 
and near the place where the famous 
city of Babylon subsequently stood. 

Babbit’s Metal, a soft metal con- 
sisting of 50 parts of tin, 1 of copper, 
and 5 of antimony. It may be re- 
garded as a sort of metallic grease. 

3ablab, the rind of the Mimosa cin- 
eraria , which is used for dyeing d rab. 

3abylonian architecture takes its 
appellation from the magnificence 
and extent of the public buildings of 
Babylon. This city was founded by 


Nimrod about 1GG5 years before 
Christ : its walls were fifty cubits 
thick and 200 in height, built of 
bricks made from the earth dug out 
of the ditch that surrounded the city. 
A few fragments only remain. 

Babylonian engine, an engine of 
a very hypothetical character which 
is said to have been employed to raise 
water from the Euphrates to supply 
the hanging gardens of Babylon. 

Bac, in navigation , a praam or ferry 
boat. 

Bacca, a light-house, watch-tower, or 
beacon. 

Baccalaureus, an ecclesiastical appa- 
ritor or verger, who carries a stall' of 
office. 

Baccharis, ploughman’s spikenard. 

Bacillum, a long walking stick re- 
presented in ancient wmrks of art as 
borne by travellers, shepherds, etc. 

Back, in brewing , a large flat tub used 
to cool wort ; a large vat or cask 
used in breweries and distilleries; 
they are sometimes mads to hold 1,200 
barrels . — In mining , the back of a lode 
is the part of it nearest the surface ; 
the back of a level is that part of the 
lode extending above it to within a 
short distance of the level above. 

Back-board, in turning , that part of 
the lathe which is sustained by the 
four legs, and which sustains the 
pillars that support the puppet-bar: 
the back-board is only used in the 
best constructed lathes. 

Back centre screw, the screw for 
setting up the back centre of a lathe, 
to the work to be turned, after the 
puppet-head has been fixed. 

Backed, a sea phrase: to back an an- 
chor, to carry out a smaller one 
ahead of the one by which the vessel 
rides to take off some of the strain. 

Background, in painting , is the space 
of ground behind the principal objects 
of the picture. 

Backing, preparing the hack of a oook 
by glueing tor receiving the co^ er. 

Back-joint, applied by masons to a 
rebate such as that made on the in- 
ner side of the jamb of a chimney- 
piece to receive a slip. 

Back lash, the excess of the space 
between the teeth of one wheel above 
the thickness of the teeth of another 
wheel, with which the first wheel 
gears ; it is also termed play. 

Back-links, the links in a parallel 
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motion which connect the air-pump 
rod to the beam. 

Back of a hip, in carpentry , is the 
upper edge of a rafter between two 
sides of a hipped roof, formed to an 
angle, so a9 to range u ith the rafters 
on each side of it. 

Back of a window, the hoard or 
wainscoting between the sash-frames 
and the floor, uniting with the two 
elbows in the same plane with the 
shutters: when framed it is com- 
monly with single panels, with 
mouldings on the framing corre- 
sponding with the doors, shutters, 
etc., in the apartment in which it is 
fixed. 

Back-painting, the art of painting 
mezzotinto prints, on plate or crown 
glass, with oil colours. 

Backs, in carpentry , the principal 
rafters of a roof. 

Back-staff, an instrument invented by j 
Capt. Davis for a sea quadrant, so 
named because the back of the ob- | 
server is turned towards the sun 
when using it. 

Back-stays, long ropes from the top- 
mast heads to both sides of the ship, ! 
where they are extended to the 
channels. 

Back-stay stool* a short piece of 
plank fitted for the security of the 
dead-eyes and chains for the back- 
stays, though sometimes the channels 
are left long enough at the after end 
for the back -stays to be fitted thereto. 

Back -maker, a cooper who makes 
liquor-backs, etc. 

Baculometry, the art of measuring 
either accessible or inaccessible dis- 
tances or lines, by the help of baculi, 
staves, or rods. 

Bacillus, a branch of hazel, formerly 
used for the discovery of mines, 

springs, etc. (See Divining Rod.) 

The long sticks borne by kings or 
other authorities in ancient works of 
art ; sometimes they are only used as 
a mark of distinction, and at others 
as a defence: the original of the 
modem sceptic. 

Badge or cognizance, a mark used in 
heraldry as a distinguishing sign ; 
also the ornamentation on the stem 
of a ship. 

Badgers ( Blaireaux , Er.), brushes 
used by oil painters for blending the 
pigments into each other; they are 
made of the hair of the badger, and 


are in shape somewhat like a dusting 
brush, being open and spreading at 
the end. 

Badigeon, in statuary , a mixture of 
plaster and freestone sifted and 
ground together, used by statuaries 
to repair defects in their work. 

Baff, ‘Baft* pay,’ the wages, generally 
for a week, which is kept in haud by 
the masters. I am not aware that 
this term is used except in the iron- 
making districts of the Xorth of 
England. 

Bagasse, the refuse stalks from a 
sugar mill, used chiefly as fuel. 

Bagnette, a small moulding, like the 
astragal : when enriched with foliage 
it is called a chaplet ; when plain, a 
head. 

Bagnio, a bath. 

Bagpipe. Nautical. To bagpipe the 
mizen is to lay it aback by bringing 
the sheet to the weather-mizen rig- 
ging. 

Bailey, an area of ground, a court, 
within the walls of a fortress ; in 
modern acceptation, frequently ap- 
plied to a prison. 

Bain-Marie, a uaterbath. In cookery, 
a shallow vessel of hot water in 
which saucepans are placed. 

Bainco secco, a white material made 
of lime steeped in water until all its 
causticity is removed, then powdereq 
marble is added to it. It is used in 
fresco-painting. 

Baize, a coarse woollen fabric with 
long nap. 

Baker’s central rule for the con- 
struction of equations, is a method of 
constructing all equations not ex- 
ceeding the fourth degree. 

Bal, the Cornish miners’ term for a 
mine. Bal , in old Cornish, is a work. 

Bal maiden, in mining, a gill who 
works at a mine. 

Balance, one of the six simple powers 
in mechanics, chiefly u>cd in deter- 
mining the equality or difference in 
heavy bodies, and consequently their 
masses or quantities of matter. 
Balances of various kinds are com- 
monly used — as the common balance, 
the bent lever balance, the Roman 
balance, and the Swedish or Danish 
balance — for the adjustment of dif- 
ferences in weights, etc. — Balance, 
or equilibrium, in a picture, is when 
the forms of objects, the lights, 
shades, colours, and expressions, 
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are happily adapted to each other, 
and no one figure or colour over- 
powers or obscures the rest. When 
a building is seen in one comer of 
a picture, it is frequently balanced 
by something in the other ; even a 
large bird will produce the effect. 
Balance (The) of a clock or watch, 
the part which, by the regularity of 
its motion, determines the beat or 
strike. 

Balance-gates, in hydraulic engineer- 
ing , may be described by referring 
to those made for the Compensation 
Reservoir of the East London Water- 
works. These gates were designed 
for the purpose of discharging the 
body of water collected in the reser- 
voir during the rise of the tide, in 
order to supply the mills lower down 
the river Lea, which might otherwise 
have been injured by the amount 
withdrawn from the river by the 
pumping-engines of the W ater Com- 
pany. They differ in construction 
from common flood-gates, being 
made to work upon a vertical shaft 
or spindle as a centre, and having an 
equal surface of gate on each side of 
that centre ; so that whatever pres- 
sure of water there may be on one 
side of the gate tending to force it 
open, there is as great a pressure on 
the opposite leaf to keep it shut. 
Balance, Hydrostatic, an instru- 
ment which determines the specific 
gravity of fluids and solids by weigli- 

I ing them in water. 

Balance-reef, a reef in a spanker or 
fore-aft mainsail, which runs from 
the outer head-eaving diagonally to 
the tack ; it is the closest reef, and 
makes the sail triangular. 

Balance levers, weighted levers used 
to open the valves of pumping en- 
gines. 

Balastre, the finest gold-cloth, manu- 
factured at Vienna. 

Balcony, a projection in the front of a 
house or other building, supported 
by consoles or columns, sometimes 
applied to the interiors of theatres, 
t and for public convenience in large 
buildings ; also the projecting gallery 
in the stem of large ships. 
Baldachin, a canopy supported by 
columns, and raised over altars, 
tombs, etc. 

M Baldachino, in architecture , an open 
I building supported by columns and 
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covered with a canopy, frequently 
placed over an altar. 

Bale. To bale a boat is to throw water 
out of her. 

Balista, an old cross-bow. Name of 
the geometrical cross, called the 
Jacob’s staff. 

Balistraria, a room in fortified build- 
ings, in which the crossbuws were 
deposited. 

I Balk, a great beam. 

' Balk-staff, a quarter staff. 

Ball, any spherical body, either na- 
tural or artificial. 

Ball ( metallurgy ), the mass of metal 
(malleable iron) as taken from the 
finery furnace to be brought under 
the action of the hammer. * A ball 
weighs about 80 lbs.’ — Percy. 

Ball and socket, an instrument made 
of brass, with a perpetual screw, so 
as to move horizontally, vertically, 
or obliquely : used for the managing 
of surveying and astronomical in- 
struments. 

Ball and socket joint. A joint 
formed by a ball rolling within a 
socket. 

Ballast, for ships, the materials for 
which are gravel, iron, or stone, or 
any heavy substance, to stow away 
in the hold, to bring a ship to a 
proper water-line when unladen, to 
counterbalance the effect of the wind 
on the masts, and to give stability. 

Ball-cock, a hollow globe of metal 
attached to the end of a lever, 
which turns the stop-cock of a 
cistern-pipe by floating on the sur- 
face of the water, thereby regulating 
the supply. 

Ball-flower, an ornament like a ball, 
placed in a circular flower, the petals 
of which form a cap round it ; it be- 
longs to the decorated style of the 
fourteenth century. 

Balling ( metallurgy ). This term is 
sometimes applied to the process of 
making malleable iron into balls in 
the puddling furnace. It belongs 
strictly to the Franche Comte process 
£>f iron-making. 

Having described two stages of the 
French process, Dr. Percy ( Metal- 
lurgy , vol. ii. p. 606) continues : — 

* The third and last stage of the pro- 
cess is termed “avalage” or hailing 
process. It consists in collecting to- 
gether, by means of the bar, all the 
pieces of decarburised iron, and form- 
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ing them into a ball in the centre of 
the hearth. With this object, after 
having reduced the blast, the forge- 
man separates with his bar the 
“ sornes ” and small charcoal which 
may hinder the agglomeration of the 
pieces of iron. He then forms the 
ball by uniting those pieces succes- 
sively to a kernel situated towards the 
middle of the bottom plate, taking 
care that the blast does not reach it. ; 
The process is then completed by j 
throwing over the top of the ball a 
shovelful of hammer-slag in order to 
cool it and to cause it to acquire a 
suitable consistency for removal from 
the fire.’ 

Balling furnace, another name for a 
re-heating furnace (which see). 

i The term balling furnace is ob- 
jectionable as nothing resembling a 
ball is concerned, and it is particu- 
larly liable to be confounded with 
the puddling furnace in which balls, 
properly so designated, are produced/ 

Ball-lever. (See Ball-cock .) 

Ball of a pendulum, the weight at 
the bottom of it ; sometimes called 
the bob. 

Ballister or Balluster, the lateral 
art of a scroll in the capital of the 
onic column ; a little pillar-rail, 
such as are on the outside of cloisters. 

Ballistic pendulum, an instrument 
used for measuring the velocity of 
a cannon-ball, i.e. the force of gun- 
powder. It consists, in its simplest 
form, of a beam which can swing on 
a fixed axis at one end, while the 
ball strikes the other end ; and the 
angle through which that end moves 
being known, the velocity of the 
cannon-ball may be computed. 

Ballistics, the art of throwing missive 
■weapons by means of an engine. 

Balloon or Bast on, a mould at the 
base of a column called a Tore, 

Balloon, a spheroidal hollow body, 
capable of floating in the air by 
means of its inflation with gas spe- 
cifically lighter than the air. — A 
globe placed on the top of a pillar or 
pediment, as an acroter or crowning. 

Balls, in electricity, are two pieces 
of cork or pith of elder-tree, nicely 
turned in a lathe to the size of a 
small pea, and suspended by means 
of delicate threads. 

Ball-valves, the valves in the force- 
pumps of a locomotive engine the 
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balls are turned and ground truly 
spherical, so as to fit watertight into 
the valve-scats in every position. 

Balm of Gilead. (See Balsam, 
Canada.) 

Balneac, in Greek, signifies a bath or 
bathing-vessel. 

Balsam, Canada. The exudation 
from a certain fir-tree, abies balsemea, 
which grows commonly in Canada. 
It is soluble in turpentine, and when 
so dissolved forms a beautifully 
colourless glass-like varnish. It is 
sometimes known by the name Balm 
of Gilead. 

Balsam of Copaiva, or Capivi. A 
transparent straw-coloured resin, of 
an oily consistence; its odour is strong 
and taste nauseously acrid; it has the 
property of drying, is used as a 
vehicle in oil-painting, as a varnish, 
and also in printer/ ink as a sub- 
stitute for linseed oil. 

Balteum, a band or girdle, according 
to Vitruvius : this word is used to 
denote the moulding on the bolsters 
or sides of the Ionic capital. 

Baltei, the bands in the flanks of 
Ionic pulvinated capitals. Balteum 
and balteus were generally u<cd by 
the Homans to signify the belt by 
which the sword or quiver was sus- 
pended. 

Baluster, a small column or pillar 
used in a balustrade. Balusters are 
generally placed round the gallery 
in the stern and the quarter gallery 
of large ships. 

Balustrade, a scries or row of balus- 
ters, joined by a rail, serving for a 
rest to the arras, or as a fence or en- 
closure to balconies, altars, staii cases, 
etc. Balustrade*, when intended for 
use, or against windows, on flights of 
steps, terraces and the like, should 
not be more than three feet six inches, 
nor le-s than three feet in height. 
When used for ornament, as on t lie 
summit of a building, their height 
may be from two third*, to four filths 
of the entablature whereon they are 
employed ; and this proportion is to 
be taken exclusive of their zoccolo or 
plinth, so that from the proper point 
of sight the whole balustrade may be 
exposed to view. There are various 
species of balusters ; if single-bellied, 
the best way is to divide the total 
height of the space allotted for the 
balustrade into thirteen equal parts, 
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B — the height of the baluster to be 
B eight, of the base three, and of the 
B cornice two of those parts ; or divide 
B the total height into fourteen parts, 
<m making the "baluster eight, the base 
B four, and the cornice two. If double- 
W bellied, the height should be divided 
W into fourteen parts, two of which are 
m to be given to the cornice, three to 
1 the base, and the remainder to the 
J baluster. 

J The distance between two balusters 
M should not be more than half the 
fg diameter of the baluster in its thickest 

ff part, nor less than one third of it ; 
i but on inclined planes the intervals 
should not be quite so wide. 
Bancalia, cushions or coverings for 
\ a&* scats and benches. 
fe'MaPand, in architecture , denotes any 
jmm flat low member, or moulding, that 
J IB i 9 broad and not very deep. 
^jHSanded column, a support which 
M T has its body interrupted at intervals 
1 by one or more broad projecting cinc- 
tures, etc. 

Jj Banderolle or Bannerolle, a flat 
|| band containing an inscription used 
H in ornamental buildings of the time 
y of the Renaissance, and similar to 
those still used for mottoes on coats 
;■ of arms. 

f 11 Banding plane, a plane used for 
* cutting 4 grooves, strings, or bands. 

I* Bandle, an Irish measure of two feet 
% in length. 

A Bandlet, asmall fillet or flat moulding. 
V§ Bandrol, a little flag or streamer af- 
fixed to the top of masts. 
igBank, a long piece of timber, a carpen- 
mf tor’s term for a piece of fir-wood un- 
M slit, from four to ten inches square 
J| and of any length. 

W Bank. To double -hank an oar, is to 
8 have it pulled by two men. 

I Banker (The), in bricklaying , a bench 
■ from 6 to 12 feet in length, used for 
¥ preparing the bricks for gauged work. 

I Banker-browded, cushions embroid- 
I ered for ecclesiastical purposes. 

I Banner, a square flag, indicative of 
' authority, command, rank, or dignity 

in civil, military or religious affairs, 
generally only fastened by the upper 
| part to a staff, but sometimes fastened 
1 to a kind of framework. 

I Banneret, anciently a knight made in 
I the field, with a ceremony of cutting 
|,j off the point of liis standard and 
*** making it as if it were a banner. 


Banquet, the raided footway adjoin- 
ing to the parapet on the sides of a 
bridge, or on the inside of a parapet. 

B anqneting house or room, a house 
or room where public feasts are given. 

Bantam-work, painted or carved 
work, resembling that of japan, only 
more gaudy. 

Bap or Bat, a term employed in Lei- 
cestershire to signify dark bitumi- 
nous shale, approaching earthy 
coal. 

Baptaterium, a back-mill or fulling 
mill. 

Baptistery, a place where the holy 
rite of baptism is performed. In 
ancient times it was a circular build- 
ing apart from the church, but in the 
sixth century it was introduced into 
the porch of the church, and after- 
wards into the church itself. 

Bar, a harrier, gatehouse : in law , a 

place where counsellors plead. A 

bank or shoal at the entrance of a 
harbour. 

Bar of ground, in mining , a course 
of rock or of vein-stuff which runs 
across a lode, or is different from those 
rocks in its vicinity. 

Bar iron, long prismatic pieces of 
iron, being rectangular parallelepi- 
peds, prepared from pig iron, so as to 
be malleable, for the use of black- 
smiths and engineers. 

Barberry-wood is of small size, re- 
sembling alder, and is straight and 
tenacious. 

Barbacan,or Barbican, in the middle 
ages, a fort at the entrance of a 
bridge, or the outlet of a city ; the 
part of a fortress where watch and 
ward was kept ; also a long narrow 
canal or passage for water in Wales, 
where buildings are liable to be over- 
flowed. 

Barbadoes Tar, a mineral pitch of 
a peculiarly odorant character — a 
bitumen. 

Bar-master, among Derbyshire mi- 
ner*, the person who keeps the gauge 
or dish for measuring the lead ore. He 
is the authority to whom all disputes 
are referred. 

Bar of the port, a billet thrust 
through the rings that serve to shut 
up the portholes of a ship. 

Barcella, a vessel containing incense. 

Barcon, a luggage-vessel used in the 
Mediterranean. 

Bardiglione, a blue variety of anhy- 
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drite, cut and polished for ornamen- 
tal purposes. 

Bare poles, the condition of a ship 
when she has no sail set. 

Barge, a large double-hanked boat 
used by the commander of a vessel 
in the navy. — A flat-bottomed boat, 
used for loading and unloading vessels, 
etc. 

Barge-board, a front or facing to 
conceal the barge couples, laths, tiles, 
thatch, etc. Barge-boards (or, more 
properly, verge-boards), pendants, 
pinnacles, and brackets, being the 
chief decorations of houses in early 
domestic architecture, should always 
be made of strong oak, and left to 
acquire by age a grey hue ; and not 
of slight deal, painted, as is now the 
too frequent practice. 

Barge-couple, in architecture , a beam 
mortised into another, to strengthen 
the building. 

Barge-course, a part of the tiling or 
thatching of a roof, projecting over 
the gable, and filled up with boards, 
mortar, etc. 

Bargh-master, a surveyor of mines, 
as Bar-master, 

Bargmote, a court held concerning 
the affairs of mines. 

Bari, the portion of a slate showing 
the gauge, and on which the water 
falls. 

Barium, the metallic base of the earth 
barytes ; found in nature in great 
abundance. (See Baryte*.} 

Barker’s mill, an hydraulic machine 
dependent on the centrifugal force 
of water flowing from a centre, not . 
much in use. 

Barkery, a tan-house ; also a sheep- 
cote. 

Barkherfc, a seat in large gardens, a 
resting-place. 

Barmkyn, the rampart or outer forti- 
fication of a castle. 

Barmote, in mining. In Derbyshire, 
a great court held twice in the year 
only for the mines. 

Barn, a covered farm-building for lay- 
ing up grain, hay, straw, etc. 

Barometer. The barometer is a mea- 
sure for the weight of the atmosphere 
or its pressure on the surface of the 
globe. It is well known that it is 
owing to the atmospheric pressure 


that water rises in a common pump 
after the air has been drawn from the 
barrel, but that the height to which 
it can be raised by this means is lim- 
ited, and does not much exceed 30 
feet. A little more than 30 feet of 
water, therefore, balances the atmo- 
sphere. Mercury being about twelve 
times heavier than water, about 30 
inches of mercury will aho counter- 
poise the atmosphere. The principle 
of the barometer is simple. If a tube 
about 3 feet long, closed at one md 
and open at the other, be filled with 
mercury, and, with the open end 
stopped by a finger, this tube be re- 
versed, and placed upright in a cup 
partly filled with the sameftqtiid, the 
mercury in the tube, in ordinary 
states of tlie weather, will descend to 
30 inches measured from the surface 
of the fluid in the cup, and not much 
lower. The meioury is sustained in 
the tube by the pressure of the at- 
mosphere on the suiface of the fluid 
in the cup. Such a tube and cup, so 
filled, would in fact be a barometer , 
and every alteration in the weight of 
the column of the air will produce a 
corresponding alteration in the length 
of the column of mercury. 

Since mercury expands by heat, 
a correction for temperature is re- 
quired for the mercurial barometer, 
when exact calculations are to be 
made; and for this reason barometers 
usually have a thermometer attached 
to them, in order that the tempera- 
ture may be read oft; and recorded at 
the same time that the barometer is 
registered. 

Thus, when observations are made 
on land, above the level of the sea, 
a correction is required for altitude, 
since the weight of the atmosphere 
diminishes as we ascend. It is 
owing to this that we are enabled to 
determine the height of mountains 
by barometers, and that aeronauts 
compute the altitude to which they 
ascend in balloons. 

The following is a table for the 
correction to be applied to the ob- 
served height of the mercury, to 
reduce it to the freezing point, at 82° 
Fahrenheit, or zero of the Ccutigscde 
scale. 
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Reduction of the English Barometer to the Freezing Point, or to 32° on 
Fahrenheit’s Scale. — Subtractive. {From Galbraith’s Tables .) 

Part I. — For Mercury only. I' Part II. — Mercury and Brass . £ 

Temp. 

Height of the Barom. in inches; Height of the Barom. in inches 3 


Fall. 

Cent. 

23 In. 29 In. 

30 In. 

31 In. 

28 In. j 

29 In. 

30 In. 

31 In. 

32 

0-00 

0*0000 0*0000 

0*0000 

0*0000 

O-00S3 

0*0091 

0*0094 

0-0097 

34 

Ml 

0*0036 0*0038 

0*0060 

0*0062 

0*0138 

0*0143 

0*0148 

0-0152 

3G 

2*22 

0*0112 0*0116 

0*0120 

0*0124 

0-0188 

0*0194 

0-0201 

0-020S 

38 

3*33 

0-016S 0*0174 

0*0180 

0*0186 

0-0238 

0*0246 

0*0255 

0*0263 

40 

4*44 

0*02*24 0*0232 

0*0240 

0*0248 

0-0288 

0*0298 

0*0309 

0*0819 

42 

5*53 

0*0280 0*0*290 

0*0300 

0*0310 

0*0338 

0*0350 

0*0362 

0-0874 

44 

6*66 

0*0336 0*0348 

0*0360 

0*0372 

0*0388 

0*0402 

0*0416 

0-0430 

4G 

7*77 

0*0392 0*0406 

0*0420 

0*0434 

0*0438 

0*0454 

0*0470 

0-0485 

48 

8*83 

0*0448 0 0464 

0*04 SO 

0*0496 

0*0488 

0-0506 

0-0523 

0*0541 

50 

10*00 

0*0304 0*0522 

0*0540 

0*0558 

0-0588 

0-0558 

0-0577 

0*0596 

52 

11*11 

0 0559 0*0379 

0*0399 

0*0619 

0-0588 

0-0009 

0-0630 

0*0052 

54 

12*22 

0*0613 0*0637 

0*0659 

0-0681 

0-0638 

0-0661 

0*0684 

0-0707 

56 

13*33 

0*0671 0*0695 

0*0719 

0*0743 

0-06S8 

0-0713 

0-0738 

0*0762 

58 

14*44 

0*0727 0*0753 

0*0779 

0*0805 

0*07 ;s 

0-0705 

0-0791 

0-0818 

60 

15 '53 

0*0783 0*0311 

0*0839 

0*0867 

0-078S 

0-0817 

0*0845 

0-0873 

62 

16*66 

0*0818 0*0868 

0-OS98 

0*0928 

0*0888 

0-0SG8 

0-089S 

0-0928 

64 

17*77 

0*0894 0*0926 

0*0958 

0*0990 

o-osss 

0-0920 

0-0951 

0-0983 

66 

18*88 

0*0950 0*0984 

0*1018 

0-1051 

0*0988 

0-0971 

0-1005 

0-1039 

68 

20*00 

0*1003 0*1041 

0*1077 

0*1113 

0*0988 

0-1023 

0*1058 

0-1094 

70 

21*11 

0*1061 0*1099 

0*1137 

0*1175 

0*1087 

0-1075 

0*1112 

0-1149 

72 

22*22 

0*1117 0*1136 

0-1196 

0*1*236 

0*1087 

0-1126 

0*1165 

0-1204 

74 

23*33 

0*1172 0*1214 

0*1256 

0-1298 

0-1137 

0-1178 

0*1218 

0*1259 

76 

24*44 

0*1228 0*1271 

0*1315 

0-1359 

1 0*1187 

0-1229 

0*1272 

0*1314 

78 

23*53 

0*1283 0*1329 

01375 

0*1421 

! 0*1237 

0-1281 

0*1325 

0*1369 

80 

20*66 

0*1339 0*1387 

0*1434 

0*1482 

i 0-1286 

0-1332 

0*1378 

0*1424 

82 

27*77 

0*1194 0*1444 

0-1494 

0*1544 

I 1 0-1336 

0-1384 

0*1432 

0*1479 

84 

28-S8 

0*1450 0*1502 

0-1553 

0*1605 

j 0*1386 

0-1435 

0*1485 

0-1534 

86 

30*00 

0*1505 0*1559 

0-1613 

0*1667 

0*1435 

0-1486 

0*1538 

0-1589 

88 

31*11 

0*1561 0*1616 

0-1672 

0*1728 

: 0*1485 

0*1538 

0*1501 

0*1644 

DO 

32*22 

0*1617 0*1674 

0*1731 

0*1790 

■ 0*1535 

0*1589 

0*1644 

0*1699 


P. P. for 0°. 4 0°. 8 1°. 2 1°. 6 2°. 0 i 0°.4 0 3 . 8 1°. 2 1°. G 2°. 0 
j Temp. I’. + 12 24 3-3 47 3D | 10 21 31 42 52 


Baroque, a term used to denote bad 
taste in design and general orna- 
mentation of a florid and incongru- 
ous style, produced rather for lavish 
effect than true and appropriate 
decoration. 

Baroscope, an instrument for finding 
out the variations of the air, a 
weather-glass. 

Barouche, a coach without a roof. 

Barque, a three-masted vessel having 
her fore and main masts rigged like 
a ship’s, and her mizen-mast like the 
main-mast of a schooner, with no sail 
upon it but a spanker, 
arra, in the middle ages, a tower or 
bar at one end of a bridge. 

Barracks, buildings for the lodgment 
of soldiers. 

Barrage, a mound or dyke to raise the 
waters of a river. One of the most 


remarkable works of this kind is the 
Barrage of the Nile, for retaining the 
water of that river at a sufficient 
height to irrigate the summer crops. 
The dam consists of a curved quay, 
4,500 feet in length; and two sluice- 
gates are placed at the head of the 
Delta, one on the Rosetta, the other 
on the Damietta branch, at a dis- 
tance of half a league from each 
J other. 

Barrel, in machinery , is a term ap- 
plied generally to anything hollow 
and cylindrical. 

Barrow, in mining , a heap of dead 
attle, rubbish, etc.; and in salt-works, 
wicker cases almost in the shape of a 
sugar loaf, in which the salt is put to 
drain. 

Barrows, or tumuli, monuments of 
the greatest antiquity, raised as so- 
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pulchres for the interment of the 
great. 

Bars, straight pieces of timber or 
metal that run across from one part 
of a machine to another. 

33 artisan, a wooclen tower; a turret 
on the top of a house, castle, or 
church tower ; a balcony or platform, 
within a parapet on the roof of any 
building ; in architecture, bartisans 
are small overhanging turret which 
project from the angles on the top of 
a tower, or from the parapet or other 
parts of a building. 

Barton, the demesne land-* of a manor, 
a manor house; the fields, a fold- 
yard, or outhouse. A term used in 
the southern and western counties 
to express a farm-building, outhouse, 
and appurtenances. 

Bar wood, an African wood, in pieces 
four to five feet long. It is used as 
red dip-wood, al*o for violin bows, 
ramrods, and in turning. 

Barytes, a heavy mineral, some- 
times named * ponderous spar it is 
found abunclantlv, usually as a 
sulphate or a carbonate; it has a 
caustic, alkaline taste, and is poison- 
ous. It is much used to adulterate 
white lead. The nitrate of barytes 
is used in pyrotechny for producing 
green fire. 

Basalt, a variety of trap-rock, hard 
and heavy, usually of a dark green 
or brownish-black colour, composed 
of augite and fel>par, with some iron 
and olivine ; it frequently occurs in 
a columnar form. The most striking 
examples of columnar basalt exist in 
the Giant’s Causeway and Fingal's 
Cave. 

Basanifce, a variety of schistose horn- 
stone, called also Lydian stone. 

Bascule bridge, a bridge to lift, to 
accommodate a passing for shipping. 

Base of a figure, in geometry , denotes 
the lowest part of its perimeter. 

Base of a conic section is a right line 
in the parabola and hyperbola formed 
by the common intersection of the 
cutting plane and the base of the 
cone. 

Base, in architecture , the lower part 
or member of a column, on which 
the shaft stands. 

Base-court, the outer or lower yard 
of a castle, appropriated to stables, 
offices, etc. 

Base-line, in perspective, the common 
48 


section of a picture and the geometri- 
cal plane. In surveying , a line, 

measured with the greatest possible 
exactness, on which a series of tri- 
angles are constructed, in order to 
determine the position of objects and 
places. The measurement of degrees 
of the meridian, for the purpose of 
ascertaining the size of the earth, 
has been undertaken in various 
countries, with extreme accuracy. 
The arc measured by the French 
extended from Dunkirk to the 
southernmost point of the Balearic 
Islands, including T20° 22' 14", 
having its centre halfway between 
the Equator and the North Pole. 
Another survey of this kind was 
performed on a part of the shore of 
Pennsylvania, which happens to be 
so straight and level as to admit of 
aline of more than 130 miles being 
measured directly without triangula- 
tion, Very long lines have also been 
measured (trigonometrically) by 
order of the English Government, 
both at home and in India, the mean 
result of which makes the earth’s 
axis 7,808 mile*, 5 furlongs, 16 yards, 
and the diameter of the Equator 
7,924 miles, 7 furlongs. 

Basement, the lower story or floor of 
a building ; the story of a house 
below' the level of the ground. 

Basements. As an alternative for 
employing orders upon orders, the 
ground-floor is made to assume the 
appearance of a basement, and the 
order that decorates the principal 
story placed thereupon : in such cases 
the basement should not be higher 
than the order it supports, nor lower 
than one-half the height of the 
order ; but if a basement be intro- 
duced merely for the purpose of rais- 
ing the principal or ground floor, p 
may be three, four, five, or six feet 
high, at pleasure. 

These basement stories are gene- 
rally in roek-werked cr plain rustics ; 
and in no case should the height of a 
rustic course be less than one module 
of the order resting on the basement, 
nor should it ever much exceed it ; 
their joint*, if square, ought not tube 
broader than one-eighth of the height 
of the rustic, or narrower than one- 
tenth, and their depth should equal 
their breadth ; if chamfered, the whole 
joint may be one quarter to one third 
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the height of the rustic, the joint 
being always right-angled. When 
the basement is high, it is sometimes 
crowned with a cornice, but a plat- 
band is more commonly used.^ 
G wilt. 

Basenet, a helmet. 

Base-plate, the foundation-plate of an 
engine. 

•. Basil, to grind the edge of a tool to an 
angle. 

Basilica, in the time of the Romans, 
a public hall or court of judicature. 
Alter the conversion of the Emperor 
Constantine to Christianity, these 
edifices were converted into Christian 
churches. The Basilica: of the Ro- 
mans were the types from which the 
early Christian places of worship 
were taken ; and the ruins of these 
buildings were the chief materials 
used. In several instances the columns 
that divide the centre part of the 
church from the aisles have been 
taken from other edifices, either on 
account of the want of artists cap- 
able of executing anything equal to 
them, or the haste with which they 
were erected. The expedient that 
was adopted tends to show that pro- 
portion was not considered; some 
columns were reduced from their 
former height, and others mounted 
on pedestals, to suit the purposes to 
which they were applied. Besides 
this total disregard to proportion in 
the shafts of the columns, capitals 
and bases were applied without any 
consideration to their fitness. The 
heathen basilic*, generally situated 
in the forums, were of rectangular 
form, and divided into three or five 
parts by rows of columns parallel to 
the length of the building ; another 
colonnade at the extremity crossed 
the former at right angles, and in the 
middle of the end wall was a semi- 
circular recess, in which was situated 
; the tribune of the judge. These 

I basilic* had likewise galleries over 
the aisles, in which commercial or 
other business was transacted ; but 
in the Christian churches this was 
appropriated to the women, who (as 
in the Jewish synagogues) were not 
allowed to join with the men in the 
lower parts of the building. These 
galleries were omitted in the after 
basilic*, and one of the aisles was re- 
gained solely for their use. 
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The Christian Basilica may be 
sketched as follows : — 

1. The Atrium , or court of 
entrance, usually surrounded by a 
columned portico as in the heathen 
temples. This was an addition to 
the heathen basilica. 

2. The Portico , in front of the build- 
ing, called the Narthex or Scourge — 
reserved for the catechumens and 
peniteiits, the former being confined 
to its precincts till baptism, the latter 
till ecclesiastical absolution. 

3. In the interior, the central are a 
or nave, parted from its side aisles by 
rows of columns — in the smaller 
churches single, in the larger double ; 
the rows next the nave almost in- 
variably supported round arches in- 
stead of an unbroken architrave, and 
upon these arches rested the main 
walls of the building ; the walls were 
pierced with windows, under which 
often ran lines of mosaic ; both nave 
and aisles w'ere crowned with a 
wooden roof, and under that of the 
aisles Triform, or galleries, as in 
their pagan prototypes, were some- 
times provided for the women. 

4. The Cancell um. Chancel , or 
Choir — the upper part of the nave, 
raised two or three steps, railed off or 
separated by a low' wall, and appro- 
priated to the singers and interior 
clergy ; within it, sometimes on the 
same side, more frequently on the 
opposite, stood the Ambones,or desks, 
that on the left for reading the Gos- 
pel, that on the right for the Epistle; 
the Paschal candlestick, emblematic 
of revealed religion, being fixed adja- 
cent to the former. The congregation 
stood on either side the cancellum, 
the men to the right, the women to 
the left, as in the heathen basilic*. 

5. The Triumphal Arch , introduc- 
ing from the central nave into the 
sanctuary, and thus figurative of 
the transition through death from 
the Church Militant on earth to the 
Church Triumphant in Heaven, res- 
pectively symbolized by the nave 
and sanctuary : subjects allusive to 
this triumph, the Saviour in glory 
or the Vision of the New Jerusalem 
of the Apocalypse, were usually re- 
presented on it in mosaic. 

C. The Transept , Presbytery , or 
Sanctuary, elevated by steps, in the 
centre of which stood the altar, origi- 
49 
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nally uncovered, but afterwards sur- 
mounted by a ciborium or tabernacle 
supported by small pillars. 

1. The Tribune or Absis , within 
which, overlooking the church, arose 
the throne of the bishop, flanked to 
the right and left by the seats of his 
attendant clergy. The side-airics 
were terminated by similar absides of 
smaller proportions. 

8. Lastly, the Crypt , beneath the 
sanctuary, generally half-sunk below 
the level" of the earth, an open screen 
or grating admitting a sight of its 
interior from the nave, and of the 
Confession, the tomb or shrine con- 
taining the relics of the saint or mar- 
tyr. The theory of a primitive 
church presumed it to be built over 
a catacomb. S. Agnes, S. Lorenzo, 
S. Martino, S. Prassede, and a few 
others at' Rome actually are so ; but 
as this could rarely be the case else- 
where, artificial catacombs or crypts 
were dug to represent them. 

Basilicula, a shrine, oratory, or ceno- 
taph. 

Basins and ewers. In early times, 
before the cleanly custom of using a 
fork was practised, the hands were 
frequently washed during dinner: a 
basin and ewer were handed for that 
purpose by an attendant. At the 
feast given by Henry VIII. to the 
French ambassadors, there were three 
ewry boards ; one for the king, ano- 
ther for the queen, and the third for 
the princes, etc. 

Basin, a concave piece of metal made 
use of by opticians to grind their 

convex glasses in. A reservatory 

of water ; a canal ; a pond ; a dock 
for repairing ships. 

Basset, synonymous with ‘outcrop.’ 
The end of the coal or other stratum 
where it reaches the surface. The 
basset or outcrop means the emerg 
ence at the surface of the different 
mineral strata from beneath each 
other. It, or Outfall, is abo ap- 

plied to openings from or into mines 
to the surface 

Bas-relief, Basso-rilievo, low or 
flat relief, applied to sculptor con- 
nected more or less with a plane sur- 
face, and of which the figures do not 
project in their full proportions. 

Bast, lime-tree bark made into ropes 
and mats. 

Bastard stucco, a three-coated plas- 
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ter, the first generally roughing in 
or rendering; the second floating, 
as in trowelled stucco ; but the 
finishing coat contains a little hair 
besides the sand: it is not hand- 
floated, and the trowelling is done 
with less labour than in what is 
called trowelled stucco. 

Bastard-toothed file, in smithing, 
that employed after the rubber. 

Bastard wheel, a fiat bevel-wheel, 
or one which is a near approach to a 
spur-wheel. 

Bastema, a close carriage borne by 
two mules ; it was used by women 
in the time of the Roman Emperors. 
It resembles the litter or palanquin, 
but differs from the lectica in being 
closed. 

Bastida, in the twelfth century, a 
place of defence, a fortress. 

Bastille, a prison ; a castle, tower, 
fortress, or any place of defence. 

Bastion, formerly a bulwark, or an 
outer woik of del ence. 

Batardeau, a coffer-dam, or case of 
piling without a bottom, for building 
the piers of a bridge. 

Batch, in mining, a certain quantity 
of ore sent to the surface by any 
i pair of men. 

Bateau, a light boat, long in propor- 
tion to its breadth. 

Bateman light, a window in which 
the >ides ot the aperture arc left to 
admit light, an upright, and the 
bottom horizontal. 

Bath, a receptacle for water, in which 
to plunge, wash, or bathe the body. 
Among the Romans, baths were 
erected magnificent both in style 
and purpose, and many of them of 
great architectural beauty. In later 
times the bath was always used by 
the Romans before they went to 
their supper. The rich generally 
had hot and cold baths in their own 
houses ; and it was not till the time 
of * ‘ T ’ s assumed 

■■ gniiiecnce, 

Th ■ ; , . should be 

made to face the smith, because the 
general time of bathing is from mid- 
day until sunset. Chic thing neces- 
sary to be observed was that the 
caldaiia of that division of the bath 
■which was appropriated to the women 
should be contiguous to that exclu- 
sively used by the men, and have the 
same aspect ; for then the coppers 
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[ of both might be heated from the 
I same furnace. Three brazen vessels 
f were fixed over the furnace, which 
were severally called caldarium, tepi- 
darium, and frigidarium ; they were 
so arranged, that whatever heated 
j water was taken from the first, it 
) was replaced by warm water from 
the second, the deficiency of which 
| was supplied, in a similar manner, 

| from the third. The concave cover- 
ings of the small tubes of both baths 
were likewise heated from the same 
furnace. 

Bath, metal, a mixed metal, otherwise 
called Prince’s Metal, which see. 
Bath-stone, Bath oolite; minute 
globules, cemented together by yel- 
lowish earthy calcareous matter ; it 
ps much used in building, but is not 
^a lasting material. It is soft when 
quarried, but hardens by exposure 
jto the air. 

atifolium, a movable wooden 
tower used by besiegers in attacking 
a fortress. 

att, or Batts, bituminous shale, 
atten, in carpentry , a scantling of 
wooden stuff’, from two to four inches 
broad, and about one thick, princi- 
I pally used for wainscot, on which 
also arebradded, on the plain boards; 
also batten doors, those which re- 
semble wainscot-doors, but are not 
so, for in wainscot-doors the panels 
arc grooved in the framing. 

Battens (nautical), thin strips of 
| wood put around the hatches to keep 
I the tarpaulin down ; also put upon 
rigging to keep it from chafing. A 
large baiten widened at the end, and 
put upon rigging, is called a Scotch- 
man. 

Batter, to displace a portion of the 
iron of any bar or other piece by the 
blow of a hammer, so as to flatten or 
compress it inwardly, aad spread it 
outwardly on all sides around the 
place of impact. Or a term applied 
to walls built out of the upright, or 
gently sloping inwards ; wharf walls 
and retaining walls built to support 
embankment '■ j. 

attery, in electricity , a combination 

F of coated surfaces of gla^s, commonly 
jars (Leyden jars), so connected 
that they may be charged at once 
and discharged by means of a com- 
mon conductor. 

jlattlement, an open or interrupted 
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parapet on the roof of a building ; a 
parapet with embrasures. 

Battory, a name given by the Hans 
Towns to tbeir country-houses and to 
warehouses in fureign countries. 

Baudekyn, a rich stuff, which was 
originally made at Baldeek or 
Babylon ; it was introduced into 
Europe at the time of the Crusades, 
and thence used for regal garments ; 
some time after it was worn by the 
nobility, and used for church vest- 
ments, altar hangings, etc. 

Baugium, an outhouse or domestic 
ofiice. 

Baulk, a piece of foreign fir or deal, 
from 8 to 16 inches square, being 
the trunk of a tree of that species 
of wood ; generally brought to a 
square for the use of building. 

Bawdriek, a cord or theng for the 
clapper of a bell ; a sword belt ; a 
jewel. 

Bawk, a cross-beam in the roof of a 
house which unites and supports 
the rafters; a tie-beam. 

Bay, a divi>ion of a roof or vaulting 
of a building, consisting of the space 
between the beams or arches. A 
part of a window between the mul- 
lions is often called a bay o r day. In 
plastering, the space between the 
skreeds, prepared for regulating and 
working the floa ting-rule. 

Bay of joists, the joisting between 
two binding joists, or between two 
girders when binding joists are not 
U'.ed. 

Bay of roofing, the small rafters and 
their supporting purlins between two 
principal rafters. 

Bay-salt, salt obtained by evaporating 
sea- water in shallow ponds by the 
heat of the sun ; it is of a dark grey 
colour, and contains iodine, bromine, 
and the salts soluble in the waters 
of the sea. 

Bay-tree, a native of Italy and 
Greece ; it grows to the height of 
thirty feet, and its wood is aromatic. 

Bay-window, an oriel window ; a 
windowjutting outwards ; frequently 
called a bow-window. 

Bayeux tapestry, a piece of canvass 
214 feet in length and 20 inches 
wide, worked in various coloured 
woollen threads in the manner of a 
sampler; the design is a continuous 

^representation of the events con- 

Vnecjed with the conquest of England 
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by the Normans. It was ordered to j 
be worked by Matilda, the Queen of 
William the Conqueror, and pre- 
sented by her to the Cathedral of 
Bayenx. 

Bazaar, a market-place. 

Beacon, a post or buoy placed over a 
shoal or bank, to warn vessels off : 
also a signal-mark on land ; a tower 
placed on an eminence, with a light 
to warn against the approach of 
danger. 

Beaconage, dues levied for the main- 
tenance of beacons. 

Bead, a small globular ornament 
used in ancient and modern archi- 
tecture. 

Bead and Butt work, in carpentry, 
framing in which the panels are 
flush, having beads stuck or run upon 
the two edges, the grain of the wood 
being in the direction of them. 

Bead and quirk, a bead stuck on the 
edge of a piece of stuffy flush with its 
surface. 

Bead-butt and square-work, fl am- 
ing with bead and butt on one side ; 
and square on the other: uted in 
doors. 

Bead-plane, a moulding plane of a 
semi-cylindric contour, generally 
used in sticking a moulding of the 
same name on the edge or on the side 
close to the arris. 

Beak, the crooked end of a piece of 

iron, to hold anything fast. A 

small pendent fillet, forming a chan 
nel behind, to prevent water from 
running down the loAver bed of the 
cornice. 

Beak-head, a small platform at the 
fore-part of the upper deck iu large 
ships. 

Beak-iron, the conic part of the am il, 
with its base attached to the side, 
and its axis horizontal. 

Beaking-joinfc, the joint formed by 
the meeting of several heading joints 
in one continued line, which is some- 
times the case in folded floors. 

Beam, a horizontal piece of iron or 
timber, used to resist a force or 
weight, as a tie-beam, where it acts 
as a string, or chain, by its tension ; 
as a collar-beam, wdiere it acts by 
compression ; as a bressummer, 
where it resists a transverse insisting 

weight. In steam-engines, a large 

lever turning upon a centre, and 
tunning the medium of communi- 
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cation between the piston-rod and 
the crank-shaft. 

Beam of an anchor, the straight 
part or shank to which the hooks 
are fastened. 

Beam-ends. A ship is said to be on 
her beam-ends when she inclines 
very much on one side, so that her 
beams approach to a vertical posi- 
tion. 

Beam-engine, generally a land en- 
gine, which has the top of the 
piston-rod connected to one end of a 
lever or beam ; by a contrivance 
called a parallel motion the beam 
vibrates upon a central axis, and 
communicates the motion of the 
piston to the crank by means of a 
connecting-rod attached to the other 
end of the beam, and also gives 
motion to the various parts. 

Beam-filling, the brickwork or ma- 
sonry, brought up from the level 
of the under to the upper sides of 
beams. 

Beam gudgeons, the bearings on the 
centre of the beam, or the central 
pivot upon which it vibrates. 

Beams, in naval architecture , strong 
thick pieces of timber stretching 
across the ship from side to side, to 
support the decks : they are sus- 
tained at each end by thick planks 
in the ship’s side, called clamps, 
upon w hich they rest. 

Beams. — Forms' of Beams. Tn the 
construction of beams, it is necessary 
that their form should be such that 
they will be equally strong through- 
out; or, in other word 4 *, that they 
will offer an equal resistance to frac- 
ture iu all their parts, and will, there- 
fore, be equally liable to break at 
one part of their length as at another. 

If a beam be fixed at one end and 
loaded at the other, and the breadth 
uniform throughout its length, then, 
that the beam may be equally strong 
throughout, its form must be that of 
a parabola. 

This form is generally used in the 
beams of steam-engines ; and in 
clouble-ae ting steam-engines the beam 
is strained sometimes from one side, 
and sometimes from the other ; 
therefore, both the sides should be of 
the same form. 

Mr. Barlow gives the following 
table as a mean derived from his 
experiments on the strength of direct 
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cohesion on a square inch of the 
following woods which are often 
used for beams : — 

lbs. 

Box, about .... 20,000 

Ash 17,000 

Teak . 15,000 

Fir 12,000 

Beech 11,500 

Oak 10,000 

Pear 9.800 

Mahogany 8,000 

Transverse Strength of 
Beams, etc. — The tiansverse 
strength of rectangular beam*, or 
the resistance which they offer to 
fracture, is as the breadth and square 
of the depth : therefore, if two rect- 
angular beams have the same depth, 
their strengths are to each other as 
their breadths ; but if their breadths 
are the same, then their strengths 
yajj are to each other as the squares of 
their depths. 

The transverse strengths of square 
beams are as the cubes of the breadths 
or depths. Also, in cylindrical 
beam 4 ’, the transverse strengths arc 
as the cubes of the diameters. 

Tims, if a beam which is one foot 
broad and one foot deep, support a 
given weight, then a beam of the 
same depth, and two feet broad, will 
support double the weight. 

But if a beam be one foot broad 
and two feet deep, it will support 
4 four times as much as a beam one 
$ foot broad and one foot deep. 

If a beam one foot square support 
a given weight, then a beam two 
feet square will support eight times 
as much. Also, a cylinder of two 
inches in diameter will support eight 
times as much as a cylinder one inch 
in diameter. 

Cautions to be observed in 

TIIE ADJUSTMENT OF BEAMS, JOISTS, 
AND OTHER TIMBERS'. LINTELS, 

bond, partition's. — It is the office 
of walls to carry beams, etc. ; and 
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that of beams to stay the walls from 
falling outwards or inwards : but it 
is the duty of architects to see that 
the wood- work which supplants ma- 
sonry does not weaken the latter; 
i.e. that the ends of timbers inserted 
into walls may not, by compression 
or decay, leave the superincumbent 
masonry to loosen downwards. Thus, 
the beam a, though entering only a 
portion of the wall presses upon the 
thorough-stone e, which throws the 
weight upon the whole wall, and has, 
by means of an iron plate c, a hold 
to secure its perpendicularity. The 
cover-stone c presses on the surface 
of the timber to confirm its security ; 
but should the timber rot, the cover- 
stone will not sink, because sustained 
by the side-stones d d. To prevent 
rot, the backing and side-stones are 
left free of the timber, so that air 

may traverse round it. — j f~ 

The habit of placing ~ 

the ends of beams on a IX yy _C 
template, as o, is bad. — p > -r— 
The only justification 
of the employment of \ r 
wood, so built into the walls, is when 
it forms a continuous plate, that it 
may act as a bond to preserve the 
perfect horizontal level of joists, 
which, however, should extend a 
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little beyond the plate, so as to have 
a bearing also on the solid of the 
wall. Careful inspection will then 
so manage the construction of the 
wall in this part, as to leave it but 
little weakened by the air-hollows 
required for the plate and joists; 
unless, indeed, it be very thin, — as 
only one brick, for instance, — when 
no law of common sense can justify 
the use of continuous bond. Where 
joists uninterruptedly cross a thin 
wall, which is to support another 
story of masonry, let there only be 
one plate, thin, and on its edge, in 
the centre of the wall, so that at 
least a brick on edge may be placed 
on each side of it, to fill up the iu- 
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terval between the joist*, and give 
solid support to the superincumbent 
masonry. On no account let the 
upper part of the wall be separated 
from the lower by a mere layer of 



perishable wood, or supported by a 
range of joists ou their edge. It has 
often been seen that iron hooping 
should be more used than it is as 
the internal bonding of walls. At 
the same time it must be remembered 
that bond timbering is necessary, at 
intervals, to receive the nails of the 
battening. When, however, the 
wall is thin, it may be imperative to 
avoid its use, employing old oak bat', 
for that purpose. In shoit, let it be 
the care of the young architect, so 
to contrive the union of his masonry 
and carpentry, as that the entire 
removal of the latter may leave the 
former secure in its own strength. 
In the use of lintels especially, he 
should be cautious. They are useful 
as bonds to unite the tops of pier*, 
and as means for the fixing of the 
joinery ; but they ought never to be 
trusted to as a lasting support of 
masonry — that support being always 
really afforded by the relieving seg- 
ment arch above*the lintel. A bre»- 
summer may be termed a large lintel ; 
and by its adoption here, at lea^t, 
the support of the masonry is truly 
intended. The use of the bressummer 
in shop-front openings, is an evil 
necessity to which an architect must 
often submit ; and all that he can 
do, is to make the best of a bad job, 
by wrovght - iron trussing, which will 
at least give adequate strength , 
though it may not ensure permanent 
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durability. If it me spare it, /ire 
may destroy it ; and the latter evil 
is not to be met even by iron, which, 
if wrought, will bend — if cast, will 
crack — with heat. Let the arch, 
then, or some modification of it, be 
always used, if possible. 

Partitions of wood should not be 
left to the sagacity of the carpenter. 
Under all circumstances where they 
have to support themselves over 
voids, or to bear, or participate in 
the bearing of, a pressure from 
above, they should be considered by 



the architect in his specification, and 
carefully studied in making the 
working drawings. It is not enough 
merely to say, that ‘ they are to be 
trussed so as to prevent any injury 
to ceilings by their own pressure 
marginal sketches should be made, 
showing the disposition of the 
skeleton framing, with whatever 
iron-work is necessary to its security. 
See, for instance, what a carpenter 
may do, unless well directed : a roof 
c, bearing partly on the partition A, 
when it should have borne only on 
the walls ; and, instead of distressing 
the partition, should have rather 
held it suspended: the partition A 
bearing down with its own weight, 
and that of the roof, on the floor c, 
instead of being so truss-framed in 
its length as to leave the floor un- 
conscious of its existence. No igno- 
rance in the young architect is 
presumed as to the manner of doing 
these things ; he is merely admon- 
ished not to imagine that they arc 
so obvious as to be done without ids 
guidance. 

In the framing of roofs, give a 
maximum strength to the purlins: 
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the undulating surface of a weakly- 
pu rlincd roof will soon proclaim its 
defect in this particular. The posi- 
tion of the principals should not be 
observable from without. 



piece of iron from the ends of which i 
the scales arc suspended. 

Bear, the ferriferous mass which forms 
in the hearth of a blast furnace, some- 1 
times called * the horse.’ 

Bearer, any thing used by way of sup- 
port to another weight. 

Bearer, in turning , that part of the 
lathe which supports the puppets. 

Bearers, in mining, supports to the 
pumps. 

Bearing, the distance that a beam or 
ratter is suspended in the clear : 
thus, if a piece of timber rests upon 
two opposite walls, the span of the 
void is called the bearing, and not 

the whole length of the timber. 

In mining , that part of a shaft or 
spindle which is in contact with the 
supports. Also a w'ord used in de- 
scribing a plaster figure copied from 
the antique. It is generally said, 
if the drawing or outline of a figure 
lias not the same bearings or angles 
of inclination as the original pos- 
sesses, that it is out in all its bearings. 

In heraldry , the figures or a coat 

of anus ; a coat of arms in general. 

In shipping , the bearings of a 

vessel are the widest part oflier below 
the plank-sheer ; that part of her hull 
which is on the water-line when she 
is at anchor and in her proper trim. 

Beat away, in mining , to excavate; 
usually applied to hard ground. 

Beating, in navigation, the operation 
of making progress at sea against 
the wind. 

Beanfet, a cupboard, as buffet. 

Beaufrey, a beam or joist. 

Beau ideal, in painting, that beauty 
which is freed from the deformity 
and the peculiarity found in nature 
in all individuals of a species. 

Beauty, in architecture , consists of 


the following qualities: magnitude 
and strength, order and harmony, 
lichncss and simplicity; Construc- 
tion, in which the chief requisites 
are magnitude and strength, order 
and harmony ; Decoration, whose 
requisites are richness or simplicity; 
according to the nature of the com- 
position. 

Becalm, a calm at sea; a ship may 
be calmed by some headland inter- 
cepting the wind ; her progress is 
prevented by the loss of wind. 

Beck, a little river or brook. An 

English weight containing sixteen 
English pounds, or two gallons. 

Becket, a piece of rope, placed so as 
to confine a spar or another rope ; a 
handle made of rope in the form of a 
circle. 

Bed, a term used in masonry to de- 
scale the direction in which the 
natural strata in stones lie ; it is also 
applied to the top and bottom sur- 
face of stones w’hen worked for build- 
ing. In mining, a seam or hori- 

zontal deposit, more especially applied 
to horizontal beds of coal and iron. 

Bed of a brick, the horizontal sur- 
faces as disposed in a wall. 

Bed-joints, in mining and quarrying , 
the lines of bedding ; in these the 
stone is broken out ; also, in archi- 
tecture, the surfaces which press 
against each other in the construc- 
tion of an arch of masonry. 

Beds, of stonework, are the parallel 
surfaces which intersect the face 
of the work in lines parallel to the 
horizon. 

Beds and bedding. Feather-beds, 
bolsters, and pillows, filled with 
feathers and down, w r ith mattresses 
and even r other comfort of this kind, 
seem to have been as well known 
to, and enjoyed by, the superior 
orders of society three centuries ago, 
as they are now. Directions are, 
however, mentioned as having been 
given in the reign of Henry VIII. 
‘to examine every night the straw 
of the king’s bed, that no daggers 
might be concealed/ 

Beds, Trussing, were beds which 
packed into chests, for travelling ; 
and, considering the frequent re- 
movals, these must have been the 
most convenient kind. John of 
Ghent seems to have always dept 
in such beds, as by his will it ap- 
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pears that lie demised to his wife all 
the beds made for his body, ‘called 
in England trussing-beds ; * and the 
‘ best chambers * of both Master Fer- 
mor and Sir Adrian Foskewe had 
trussing-beds. 

Bed-chambers : in Tudor times the 
furniture of these apartments, in 
great houses, was of the same gor- 
geous character as that in the chief 
rooms ; and the paraphernalia of an 
ancient dressing-tahle yielded only 
in the splendour and costliness of 
plate, to the cupboard of the great 
chamber, or the altar of the chapel. 
Like the hall, the state bed-cham- 
ber had a high place, on which 
were placed the ‘standing bed’ and 
the * truckle bed : * on the former lay 
the lord, and on the latter his at- 
tendant. 

Beddern, a refectory. 

Bedding stone, used in bricklaying, 
a straight piece of maible; its use is 
to try the rubbed side of the brick ; 
first, to square, to prove whether 
the surface of the brick be straight ; 
secondly, to fit it upon the leading 
skew balk, or leading end of the 
arch. 

Bed-mouldings. This may be un- 
derstood as a collective term for all 
the mouldings beneath the corona or 
principal projecting member of a 
cornice, which, without bed-mould- 
ings, would appear too much like a 
mere shelf. 

Bed-plate, the foundation-plate of a 
marine or a direct-action engine. 

Bedsteads : in Tudor times the posts, 
head-boards, and canopies or spervers 
of bedsteads were curiously wrought 
and carved in oak, walnut, box, and 
other woods, and variously painted 
and gilt. Ginger-colour, hatched 
ith gold, was a favourite style, but 
purple and crimson were also used 
in their decoration. 

Bede, in mining , a kind of pick- 
axe used for separating the ores 
from the rocks in which they lie. 

Bedesmen, almsmen who prayed for 
their benefactors and founders. 

Bede-house, an almshouse or hospi- 
tal. 

Beech, a species of timber very much 
used by artificers : while young, it 
possesses great toughness, and is of 
a white colour : the cohesive strength 
of this timber requires 12,225 lbs 
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weight to tear asunder a piece one 
square inch in thickness. Beech- 
wood is common in Buckingham- 
shire and Sussex as the best ; about 
fifty feet high and thirty inches in 
diameter ; white, brown, and black 
colour : it is used for piles in wet 
foundations ; is used also, for its 
uniform texture and closeness, in in- 
door works, as the frames of ma- 
chines, bedsteads, and furniture ; 
also for planes, tools, lathe-chucks, 
keys, cogs of machinery, brushes, 
handles, etc. Specific gravity, 0*696 , 
weight of a cubic foot, 45*3 lbs. ; 
weight of a bar 1 foot long and 1 
inch square, 0*315 lb. ; will bear 
without permanent alteration on a 
square inch, 2,360 lbs., and an exten- 
sion of a of its length ; weight of 
modulus of elasticity for a base of an 
inch square, 1,345,000 lbs. ; height 
of modulus of elasticity, 4,600,000 
feet; modulus of resilience, 4*14; 
specific resilience, 6. (Calculated 
from Barlow’s Experiments.) 

Compared with cast iron as unity 
its strength is 0*15 ; its extensibility 
2*1 ; and its stiffness, 0*073. 

Beef-wood, wood produced in Aus- 
tralia from different species of Casua- 
rina ; so called ficm its appeal ance. 
A red-coloured wood, geneially ap- 
plied to Botany Bay oak. 

Beer-drawing machines are con- 
trivances by means of which beer is 
drawn from a barrel or cask. 

Beer orBere Stone, composed chiefly 
of carbonate of lime, friable and with 
partial indurations. It is exten- 
sively quarried at Bere, or Beer, in 
Devon. 

Bees, pieces of plank bolted to the 
outer end of the bowsprit, to score 
the fore-topmast stays through. 

Beetle, or Maul, a large mallet to 
knock the corners of framed work, 
and to set it in its proper position : 
the handle is about three feet in 
length; also a mallet for driving 
piles, etc., raised by ropes and pulleys 
and sometimes called Boytle. 

Beetling machine, a machine used 
for producing ornamental figured 
fabrics by pressure from corrugated 
or indented surface rollers. 

Before the beam, in naval architec- 
ture , is an arc of the horizon com- 
prehended between a line which 
crosses a ship’s length at right an- 
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J gles and some object at a distance 
before it; or between the line of the 
beam, and that point of the compass 
which she stems. 

Belace, Belage, or to Belay, to 
fasten any running rope when it is 
haled, that it cannot run forth again. 

To make a rope fast by turns 

round a pin or coil, without hitching 
or seizing it ; to mend a rope by lay- 
ing one end over another. 

Belandre, in navigation , a sort of 
Norman vessel. 

r B3lfry> that part of the tower of a 
V \ church which contains bells. 

Bell, a metallic instrument rung in the 
f belfry of a church for the attendance 
** of divine worship, and upon occasions 
of rejoicing ; composed of three parts 
it, of copper and one of tin, called bell- 

; metal. The body of a Corinthian 

or Composite capital, supposing the 

t foliage stripped off, is called the' bell ; 
the same is applied also to the early 
English and other capitals in Gothic 
j architecture which in any degree par- 
take of this form. 

Bell-cage, a timber frame, also called 
Belfry, carrying one or more large 
bells. 

Bell-canopy, a canopy containing a 
bell in harness. 

Bell-chamber, the room containing 
one or more large bells in harness. 

. Bell-cot, a structure presenting the 
* appearance of a steeple. 

Bell-crank, a bent lever, used for 
U changing a vertical into a horizontal 
W motion. 

Bell-gable, a term applied to the 
gable of a religious edifice, having a 
plain or ornamental niche for the re- 
ception of one or more bells. 

Bell -roof, a roof shaped like a bell. 
Bell-rope, a rope for ringing a bell. 
Ropes attached to the vesture of a 
priest in the Romish Church. 
Bell-trap, a contrivance, usuall} T air- 
tight, consisting of an inverted cup, 
the edges of which dip into a trench, 
gutter, or canal holding water, and 
formed at the top of a pipe, for the 
purpose of preventing foul smells 
ascending from the drain into the 
air. 

Bellows, the instrument for blowing 
a fire, with an internal cavity so con- 
trived as to be of greater or less 
capacity by the reciprocating motion 
of working it, and to draw in air at 
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one place wdiile the capacity is upon 
the increase, and discharge it by 
another while upon the decrease. 
Bellows, BEydraulic, or water-blow- 
ing engine, is a machine in which 
the stream of air is supplied by the 
flowing of water. 

Belly, the hollow part of a compass 
timber, the round part of which is 
called the back. The central portion 
of a blast furnace. 

Belly of Ore, in mining, an unusual 
swelling out of the vein of ore. 

Belt, in building, a string-course and 
blocking-course ; a course of stones 
projecting from a wall, either mould- 
ed. plain, fluted, or enriched. 
Belvedere, a turret, lantern, or cupola 
raised above the roof of a building. 
It is sometimes applied in Italy to 
open galleries or corridors. 

Bema, an ambo, or reading-desk ; a 
raised structure for the seat or throne 
of a bishop. The sanctuary, pres- 
bytery or chancel of a church.' In 

Greek, the platform from which the 

orators spoke in the Athenamm. 

A bidiop's tli rone. 

Bench, for carpenters and joiners to 
do their work on, usually 10 or 12 
feet in length, and about 2£ feet in 
width. 

Bench-mark, in surveijing, is applied 
to a mark showing the startingpoint 
in levelling along a line, and to simi- 
lar marks affixed at convenient dis- 
tances to substantial or permanent 
objects, to show the exact points upon 
which the levelling staffs were placed 
when the various levels were read, 
thus facilitating reference and correc- 
tion. 

Bench-planes. The jack-plane, the 
trying-plane, the long-plane, the 
jointer, and the smoothing-plane, are 
called bench -planes. 

Bench-table, a low stone seat round 
the interior of the walls of many 
churches. 

Bend, in mining, indurated clay; a 
name given by miners to any indu- 
rated argillaceous substance. — The 
form of the ship from the keel to 
the top of the side, as the midship 
bend, etc. 

Bends, the strongest parts of a vessel’s 
side, to which the beams, knees, and 
futtocks are bolted. 

Bending strakes, two strokes 
wrought near the coverings of the 
57 


BE* 


BESSEMER STEEL. 


BEV 


deck, worked all fore and aft, about 
one inch or one inch and a half 
thicker than the rest of the deck, and 
let down between the beams and 
ledges so that the upper side is even 
with the rest. 

Bending of timber. The process of 
bending wood to any requited curve 1 
depends on the pr» >perty of heat, as 
its pressure increases the elasticity of 
the wood. 

Benefice, a chureli endowed with a 
revenue for the performance of divine 
service. 

Benetier, a vessel to contain holy 
water ; a font, or piscina. 

Ben-heyl, in Cornish mining, rich in I 
tin. (Obsolete.) A course of stone* I 
impregnated with tin found in the 
course of a stream. (See Stream Tin.) 

Ben -nuts, the seeds from which are | 
obtained the Ben oil produced by the 
Moringa pterygospenna. 

Bent, in mining. When the ore sud- 
denly deviates from it* usual course 
in the vein. 

Bentick-shxouds, formerly used, and 
extending from the futtock-stavcs to 
the opposite channels of a vessel. 

Benzine, the bicarburct of hydrogen, 
procured by heating benzoic acid with 
lime. Also* called Benzole; from it, 
by sundry combinations, the artificial 
fruit and flower essences are made. 

Benzoin, a balsam, which exudes from 
incisions made in the trunk of the 

. Styrax Benzoin, which grows in Su- 
matra. It is hard, friable, has a 
pleasant odour, is soluble in alcohol, 
and has been um-< 1 as an ingredient 
in spirit varnishes but nut in oil var- 
nishes. 

Bergamo, a coarse tapestry. 

Bergmote, a court held on a lull, for 
the decision of controversies among 
miners. 

Berlin blue, a variety of Prussian 
blue. 

Berne machine, fur rooting up trees; 
the invention of Peter Sommer, of 
Berne. 

Berth, the place where a ve^el lies ; 
the place in which a man sleep" — or 
convenient sea-iuom to moor a ship. 

Ber tying a ship, the rising up of the 
ship’s sides. 

Beryl, a mineral of great hardness, of 
a blue or greenish colour, similar to 
the emerald. 

Bessemer Steel, a variety of steel 
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produced by blowing air through 
melted iron in a vessel called a con- 
verter, until all the carbon is burnt 
off, then adding a known quantity of 
carbon and manganese, in the form of 
Spicgeleisen , by which a very 7, superior 
steel is produced. 

Betel nuts or Areca nuts. They 
are the fiuit of the Areca Catechu : 
they are of an oily grey colour and 
somewhat resemble ivory, though 
Softer. They are made into a variety 
of small objects such as necklaces, 
tops of walking sticks, etc. 

Bethel’s patent for preserving wood. 
This patent was taken out in 1838, 
and consists in thoroughly impreg- 
nating the wood with oil of tar con- 
taining creosote and a crude solution 
of acetate of iron. 

Beton, the spreading and leveling 
mortar upon the backs of vault*, for 
covering the backs of arches of 
bridges, etc. Gravel, shells, frag- 

ments of tile, brick, or stone, cemented 
together. It is composed by first 
mixing the proper proportions of 
lime and sand, either by hand or by 
apugmill in the same manner as for 
ordinary mortar. 

Betty, in mechanics, an instrument to 
bieak open doors. 

Bevel, any angle except one of 90 de- 
grees. _ 

Bevel, in bricklaying, is for drawing 
the so flit-line on the face of the 
bricks. 

Bevel, in joinery : one side is said to 
be bevelled with respect to another 
when the angle formed by these two 
side" is greater or less than a right 
angle. 

Bevel gear, in mechanics, denotes a 
species of wheel-work where the axis 
or shaft of the leader or driver forms 
an angle with the axis or shaft of the 
follower or the driven. In practice 
it is requisite to have finite and sen- 
sible teeth in bevel gear : these are 
made similaily to those of spur gear, 
except that in the latter they are 
parallel, while in bevel gear they di- 
minish in length and thickness in 
approaching the apex of the cone: 
the teeth are of any breadth, accord- 
ing to the strength required. Bevel 
g< ar is stronger, works smoother, and 
has superseded the face- wheel and 
trundle. 

Bevelling, \n ship-building, the wind- 
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ing of a timber, etc., agreeably to 
directions given from the mould-loft. 

Bevel- wheel, a wheel having teeth 
formed so as to work at an angle 
either greater or less than half a right 
angle. 

Biaeca, a pigment used by Italian 
oil and distemper painters ; it is 
made of white carbonate of lead. 

Biadetto, a blue pigment used by 
painters, made of native or artificial 
carbonate of copper. It is the 
azzurro di biadetto. 

Bianco secco, a white material made 
of lime steeped in water, until all its 
causticity is removed, then powdered 
marble is added to it ; it is used in 
fresco-painting. 

Bibbs, in ship-building , pieces of 
timber bolted to the hounds of a 
mast, to support the trestle-trees. 

Bibliotheca, in Greek, the place, 
apartment, or building where books 
were kept. 

Bicarbide of hydrogen. This gas 
is known by the names of light 
carburet! ed hydrogen, and marsh- 
gas. It is discharged from figures 
in coal and from the coal itself. It 
is also generated in pools in which 
there is vegetable matter decom- 
posing. 

Bice, a blue colour used in painting ; 
there are two pigments so called, 
they aie both native carbonates of 
copper, one blue and the other green. 
It is sometimes known as mountain 
blue and various other names. Green 
bice is also known as malachite 
green, and mountain green, emerald 
green, and Paul Veronese green are 
not unfrequently carbonates of cop- 
per. (See those terms.) 

Bieellum, the dwelling of a trades- 
man in Kome, having under it two 
vaults, for the reception of merchan- 
dise. 

Bichoca, a turret or watch-tower. 

Biclinia, a kind of seat almost identi- 
cal with the modern sofa ; it was 
used by the ancients in reclining at 
their meals, and was large enough to 
accommodate two persons. 

Bier-balk, the church-road for 
burials. 

Bifrons, in sculpture , double-fronted 
or faced, usually applied to Janus. 

Biga, a Koman chariot used in the 
circus or in processions; it has a short 
body, is closed in front and open 


behind, where the charioteer, who 
drives standing, enters ; it rests on 
two wheels and is drawn by two 
animals abreast. 

Bigelf, an arch or chamber. 

Bigg, to build. 

Bigger, a builder. 

Bight, the double part of a rope when 
it is folded, in contradistinction from 
the ends. 

Bilander, a small vessel with two 
masts, used chiefly in the caDals of 
the Low Countiies. 

Bilboes, large bars or bolts of iron, 
with shackles sliding on them, used 
for criminals. 

Bilage, the breadth of a floor of a ship 
when she lies aground. 

Bilection-mouldings, those sur- 
: !’ I . I project- 

. ’ gate, etc. 

B . . . of a ship 

which approaches nearer to a hori- 
zontal than to a perpendicular direc- 
tion. 

Bilge-pump, that which is applied to 
the .side of a ship, to exhaust or pump 
out the bilge-water. 

Bilge-pump rod, the plunger-rod or 
rod connecting the piston of the 
bilge-pump to one of the side-levers. 

Bill, "the point at the extremity of tlio 
fluke of an anchor. 

Bill-board, the resting place of an 
anchor. 

Billets, blooms are sometimes so 
called. 

Billet-moulding, an ornament used 
in string-courses and archivolts of 
window-? and doors. 

Billiard-room. The apartment pre- 
pared for the reception of a billiard- 
table. 

Billion, in England, the sum of a 
million of millions ; — in France, a 
thousand millions. 

Bills, the ends of compass or knee- 
timber. 

Bimedial line, in geometry, the sum 
of two medials. When medial lines, 
equal only in power and containing 
a rational rectangle, are compounded, 
the whole will be irrational with 
respect to either of the two ; this is 
called a first bimedial line ; but if 
two medial lines, commensurable 
only in power, and containing a 
medial rectangle, be compounded, the 
whole will be irrational, and is then 
called a second bimedial line. 
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Binary, in arithmetic , double. 

Binder, one who undertakes to keep 
a mine open. 

Binding joists, those beams in a 
floor which support transversely the 
bridging above and the ceiling-joists 
below. 

Bindings, the iron wrought round 
the dead-eyes. 

Binds, beds of stone that always lie 
mi.\e 1 with a certain portion of shale 
or clay. 

Bing, in mining , a measure of 8 cwt. 

Bing ore, in mining, the largest, best, 
and finest of lead ore. 

Bing stead, the place where bing ore 
is preserved. 

Binnacle, a box near the helm, con- 
taining the compass. 

Binocular telescope, one to which 
both eyes may be applied. 

Bins, for wine, open subdivisions in a 
cellar for the reception of bottles. 

Birch-wood, a finest tree, common to 
Europe and North America; an 
excellent w'ood for turning, being 
of light colour, compact, and easily 
worked. 

Bird’s eye perspective is of two 
kinds, angular and parallel: it is 
used in the drawings of extensive 
buildings having spacious courts and 
gardens, as palaces, colleges, asylums, 
etc. The observer is supposed to be 
on an eminence, and looking down 
on the building, as from a steeple or 
mountain. 

Bird’s mouth, in carpentry , an in- 
terior angle or notch cut in the end 
of a piece of timber for its reception 
on the edge of a pole or pi ale. It 
signifies also the internal angle of a 
polygon. 

Bireme, a vessel with two banks or 
tiers of oars. 

Birhomboidal, having a surface of 
twelve rhombic faces, which, being 
taken six and six, and prolonged till 
they intercept each other, would form 
two different rhombs. 

Birt h ing, the working a top-side bulk- 
heads, etc. 

Bisection, in geometry , the division 
of any quantity into two equal parts. 

BiseUium, a seat of honour granted 
to distinguished persons on public 
occasions; it was large enough to 
accommodate two persons, but ap- 
pears never to have been occupied by 
more than me. 
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Bishops, prelates holding baronies of 
the King or of the Pope, and exer- 
cising ecclesiastical jurisdiction over 
a certain extent of territory, called 
their diocese. 

Bishop’s length, a piece of canvas 
measuring 58 inches by 94 ; a half- 
bishop measures 45 by 56. 

Bismuth, a white metal occasionally 
found native, more commonly com- 
bined with oxygen, arsenic, and 
sulphur. It is used for forming fusi- 
ble metal. 

Bispia, a bishopric or episcopal pa 
lace. 

Bissextile, or leap year, a year con- 
sisting of 3GG days, happening once 
every four years, by the addition of 
a day in the month of February, to 
recover the six hours which the 
sun spends in bis course each year, 
beyond the 3G5 days usually allowed 
for it. 

Bistre, a brown pigment, extracted 
bv watery solution from the soot of 
wood fires, when it retains a strong 
pyroligneous scent. It is of a wax- 
like texture, and of a citrine-brown 
colour, perfectly durable. It has 
been much used as a water-colour, 
particularly by the old masters, in 
tinting drawings and shading 
sketches, previously to Indian ink 
coming into general use for such 
purposes. In oil, it dries with the 
greatest dilliculty. 

Bisturres, small towers placed at in- 
tervals in the walls of a fortress, 
forming a barbican. 

Bit, an instrument for boring holes in 
wood, the steeled end of a borer. 

Biting in. A term it^cd in engrav- 
ing to describe the action of the 
aquafortis upon the copper or steel, 
on those parts from which the etch- 
ing ground is removed by the graver 
and other tools. 

Bitter (a sea term), a turn of a cable 
about the timbers called bitts, when 
the ship lies at anchor. When a ship 
is stopped by the cable, she is said to 
be brought up by a bitter. 

Bitternut-wood, a native of America, 
i* a large timber wood, measuring 
30 inches when squared ; plain and 
soft in the grain like walnut. 

Bitts, in ship-building, perpendicular 
pieces of timber going through the 
deck, placed to secure anything to. 
The cables are fastened to them, if 
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f there is no windlass. There are 
also bitts to secure the windlass, 
on each side of the heel of the bow- 
sprit. 

3itumen, a name for a number of 
inflammable mineral substances 
known under the names of naphtha, 
mineral tar, mineral pitch, sea-wax, 
asphalt, elastic bitumen, or mineral 
caoutchouc, jet, mineral coal, etc. 
jUtuminous cement, a factitious 
substance, used for pavements, for 
roofs, and other useful purposes, 
bituminous limestone, a limestone 
impregnated with bitumen, 
bituminous shale, a schistose rock 
i belonging to the coal measures, which 
1 is now largely worked for the pro- 
duction of paraffine, 
pituminous unguents, are made 
from solid and liquid hydro -carbons, 
they do not become dry by the action 
of the air. 

bizarre, ornamentation of grotesque 
' style, fantastically put together, 
black, the last and the lowest in the 
chromatic series or scale of dcscend- 
\ ing colours ; the opposite extreme 
| from white ; the negation of colour, 
j To be perfect, it must be neutral 
1 with respect to colours individually, 
and absolutely transparent, or desti- 
tute of reflective power in regard to 
light, its use in painting being to 

t '4 represent shade or depth, of which it 
1 is the element in a picture and in 
i colours, as white is of light, 
black-band iron-stone, discovered 
[ by Mr. David Mushet, in 1801, while 
engaged in the erection of the Cnlder 
Iron-works. Great prejudice was . 
excited against him by the iron- | 
masters, in presuming to class the j 
wild coals of the country with iron- 
stones tit and proper for the blast 
surface! yet that discovery has 
elevated Scotland to a considerable 
rank amongst the iron-making na- ■ 
tions of Europe, more than 3,000,000 
tons of this ore now being annually | 
converted into iron. 

Black Batt, bituminous shale. 

Black Botany Bay wood is the 
hardest and most wasteful of all 
woods ; some of the finest, however, 
if well selected, exceeds all woods 
for eccentric turning. 

Black chalk is an indurated black 
clay, of the texture of white chalk : 
its principal use is for cutting into 


the crayons which are employed in 
sketching and drawing. 

Black dye : the ingredients of black 
dye are logwood, Aleppo galls, and 
sulphate of iron, or green vitriol. 

Black iron, malleable iron, in contra- 
distinction to that which is tinned, 
called white iron. 

Black Jack, in mining , blend 
Sulphuret or sulphide of zinc. (See 
Blende.') 

Black lead, plumbago, or graphite, 
is a native carbon. It was found 
largely at Borrodale in Cumberland j 
consumed in large quantities in the 
formation of crayons and black- 
lead pencils for writing, sketching, 
designing, and drawing. It is 
now obtained in Siberia, in Ceylon, 
and other places. Graphite is used 
largely, on account of its incom- 
bustibility, in the manufacture of 
crucibles. 

Black marble. The marble called in 
commerce Nero Antico, and Egyp- 
tian black, is the most beautiful 
black marble without any admixture 
of other colours. In fingland the 
chief quarries of uniform colours and 
texture are at Ashford and Bake- 
well, in Derbyshire. 

Black ochre, a variety of the mine- 
ral black, combined with iron and 
alluvial clay. 

Black tin, tin ore when dressed, 
stamped, and washed, ready for 
melting. 

Black wadd, one of the ores of man- 
ganese. 

Blade, in joinery , is expressive of 
any part of a tool that is broad and 
thin, as the blade of an axe, of an 
adze, of a chisel, of a square : the 
blade of a saw is more frequently 
called the plate. 

Blades, the principal rafters or breaks 
of a roof. 

Blanc d’argent, or silver-white. 
This is a false appellation for a 
white lead, called also French white. 
It is first produced in the form of 
drops, is exquisitely white, but is 
of loss body than ilake white, and 
has all the properties of the best 
white leads ; but, being liable to the 
same changes, is unfit for general 
use as a water-colour, though good 
in oil or varnish. 

Blanch, in mining, a piece of ore 
found in the hard rock. 
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Blanching liquor, a solution of 
chloride of lime used by bleachers ; 
called also chemic. 

Blast, the air introduced into a fur- 
nace. 

Blasting of stone, from rocks and 
beds of stone, for the purpose of 
quarrying and shaping stones to be 
used for building purposes : the 
ordinary implements used are the 
jumper or cutting-tool, the hammer, 
the scraper. 

Blast main ( 'metallurgy ), cast-iron 
pipes united by socket-joints which 
convey the hot blast to the blast- 
pipes of an iron furnace. 

Blast-pipe, the waste steam-pipe of 
an engine, but more particularly 
applied to locomotive engines: in 
the latter it leads fiom the exhaud 
passages of the cylinders into the 
chimney, and is of great use for 
forming the draught through the 
fire-tubes, as each jet of steam 
emitted creates a partial vacuum in 
the chimney, which is immediately 
filed by a current of air rushing 
through the fire-grate. 

Blast pipes (metal/w gy), tapeiing j 
retort or goose-necked pipes, partly 
of cast and partly of wrought iron, 
by which the blast is convey ed to 
the twyen. — Percy. 

Blazonry, the art of painting ar- 
morial shields, or coats of arms in 
their proper colours or metals, or 
the art of describing these in their 
proper terms. 

Bleaching. The art of removing 
colour ; bleaching of vegetable and 
animal substances requiring different 
processes for whitening them. 

Bleaching powder, chloride of lime. 

Blende, in mining , an ore of zinc, 
composed of zinc and sulphur. (xe 
P/a, k Jack.') A sulphide. 

Blending and melting, in colouring 
or painting are synonymous terms. 
They imply the method of laying 
different tints on buildings, trees, 
etc., so that they may mingle to- 
gether while wet, and render it 
impossible to discover where one 
colour begins and another ends. 
A variety of tints of nearly the same 
tone, employed on the same object 
and on the same part, gives a rich- 
ness and mellowness to the clK*' t ; 
while the outline, insensibly melting 
into the background, and artfully 


disappearing, binds the objects to- 
gether, and preserves them in unison. 

Bleostaning, mosaic pavement. 

Blind coal, a local name for an in- ( 
ferior anthracite. ! 

Block, a lump of wood or stone. 

Block -brakes, in which one solid 
body mbs against another. 

Blocks, pieces of wood in which the 
sheaves or pulleys run, and through 
which the ropes pass. 

Block cornices and entablatures 
are frequently used to finish plain 
buildings, where none of the regular 
orders have been employed. Of 
this kind there is a very beautiful 
one composed by Vignola, much 
used in Italv, and employed by Sir 
Christopher W ren to finish the second 0 
design of St. Paul's cathedral. 

Block -bouse, a building erected by 
besiegers for the investment of a 
castle. Block-houses were erected 
in the time of Henry VIII. on the 
south and south-western coast of 
England. 

Blocking course, a course of masonry 
or brick-work, laid on the top of a 
cornice crowning a wall. 

Blockings, small pieces of wood, 
fitted in, or glued, or fixed to the 
interior angle of two boards or other 
pieces, in order to give strength to 
the joint. 

Block-machinery, the machinery 
fur manufacturing ships’ blocks, in- 
vented by the elder Brunei, and 
adjusted by the late Dr. Gregory. 

Block tin ( metalluigy ), tin in t 
stamped blocks. Tin smelted at the h 
different smelting houses, is cast into 
moulds containing about three hun- 
dred weight, and while in a plastic 
state it receives the stamp of the 
particular house where it is smelted; 
thence it is denominated block tin. 

Blood-red heat, the degree of heat 
which is only necessary to reduce 
the protuberances on coarse iron by 
the hammer, in order to prepare it 
for the file, the iron being previously 
brought to its shape. This heat is • 
al>o U"ed in punching small pieces J* 
of iron. 

Blood-stone, a silicious stone minera- 
logically known as the heliotrope ; 
it is a daik green 'done stained with 
red spots ; it is very hard. There is 
a variety of luematite iron ore called 
* bloods tone,’ which is well polished 


BX.O 


BLOW-OFF PIPE. 


SLO 


and used as a burnisher for giving 
a higher lustre to gilt buttons, and 
for burnishing gold on ehinaware. 

Bloom, a mass of iron after having 
undergone the first hammering, in 
iron works, it is in form a square 
piece 2 feet long. The lump of 
malleable iron from the puddling 
furnace is called a bloom. The mass 
obtained from the old bloomeries was 
so called. The term bloom is still in 
common use, and is clearly derived 
from the Saxon word bloma , which 
is defined by Bosworth as ‘metal, 
ma*s, lump.’ 

Among artists, the thin semi- 
transparent cloud which sometimes 
appears on the surface of a varnished 
picture; it resembles in appearance 
the bloom of a plum. 

Bloomery, the ancient furnaces in 
which iron ores were smelted were 
called * bloomeries.’ (See Percy, 
p. 254 ; and * Lower’s Contributions,’ 
p. 243.) 

B lower, m mining, a smelter .— ( Metal- 
lurgy), the name formerly given to 
a man who was employed in a blow- 
ing-house ; also the apparatus em- 
ployed to produce a strong current 
of air in furnaces, chimneys, etc. 

Blowing, the projection of air into a 
furnace, in a strong and rapid cur- 
rent, for the purpose of increasing 
combustion. 

Blowing engine ( metallurgy ), the 
engine employed for forcing air into 
the blast furnace used for smelting 
iron ore. 

Blowing house ( metallurgy ), the 
name given to the peculiar kind 
of blast furnace in which formerly 
tin was smelted in this country. 
Similar establishments still exist in 
some parts of the continent. ‘ The 
smelting of tin ores has been effected 
by two different methods. In the 
first, a mixture of the ore with an- 
thracite was exposed to heat on the 
hearth of a reverberator}' furnace 
fired with coal. In the second, the 
tin ore was fused in a blast furnace, 
called a blowing house, supplied with 
wood-charcoal. This method is not 
now practiced in England.’ — Ure’s 
‘Dictionary of Art*, Manufacture*, 
and Mines,’ by Robert Hunt. 

Blow-off cock, the stop-cock in the 
blow-off pipe. 

Blow-off pipe, the pipe fixed to the 


bottom of a boiler, for discharging 
the sediment, which is e fleeted by 
blowing through it a portion of the 
water from the boiler. 

Blow-pipe. The blow-pipe is a most 
valuable little instrument to the 
mineralogist, as its effects are strik- 
ing, rapid, well characterised, and 
pa->s immediately under the eye of 
the operator. The most efficacious 
flame is produced by a regular, mo- 
derate stream of air ; while the act 
of blowing with more force has 
only the effect of fatiguing the mus- 
cles of the cheeks, oppressing the 
chest, and at the same time render- 
ing the tlame unsteady. 

The student should fill his month 
with air, so as to inflate the cheeks 
moderately, and continue to breathe 
without letting the air in the mouth 
escape ; the blow-pipe may then be 
introduced between the lips, and 
while the breathing is carried on 
through the medium of the nose, 
the cheeks will expel a stream of 
air through the blow-pipe ; and by 
replenishing the mouth at each ex- 
piration, and merely discharging 
the surplus air through the nostrils, 
a facility will be acquired of keeping 
up a constant stream of air. 

The bc*t flame for the purpose 
of this instrument is that of a thick 
wax candle, such as arc made for 
the lamps of carriage*, the wick 
being snuffed to such a length as to 
occasion a strong combustion : it 
should be deflected a little to one 
side, and the current of air directed 
along its surface towards the point: 
a well-defined cone will be pro- 
duced, consisting of an external 
yellow, and an internal blue flame. 
At the point of the former, calcina- 
tion, the oxidation of metals, roast- 
ing of ores to expel the sulphur and 
other volatile ingredients, may be 
accomplished ; and by the extreme 
point of the latter (which affords the 
most intense heat) fusion, the de- 
oxidation of metals, and all those 
operations which require the highest 
temperature, will be effected. The 
piece of mineral to be examined 
mu*t necessarily be supported on 
some sub*tance ; and for the earths, 
or any subject not being metallic, or 
requiring the operation of a flux, a 
spoon or pair of forceps made of 
63 


4LO 


BLOW-PIPE. 


fi£V 


platina will bo found useful ; but, as 
the metals and most of the fluxes 
act on platina, the most serviceable 
support, for general purposes, will 
be a piece of sound, well-burnt char- 
coal, with the bark scraped otf, as 
free as possible from knots or cracks. 
The piece of mineral to be examined 
should not in general be larger than 
a pepper corn, which should be 
placed in a hollow made in the 
charcoal ; and the first impression 
of the heat should be very gentle, 
as the sudden application of a high 
temperature is extremely liable to 
destroy those effects which it is 
most material to observe. Many 
substances decrepitate immediately 
they become hot ; and when that is 
found to be the case, they should 
be heated red, under circumstances 
which will prevent their escape: 
this may be effected, with the 
earthy minerals, by wrapping them 
in a piece of platina foil, and, with 
the metallic ores, by confining them 
between two pieces of charcoal, 
driving the point of the flame 
through a small groove towards the 
place where the mineral is fixed, by 
which means a sort of reverberating 
furnace may be formed. The prin- 
cipal phenomena to be noticed arc, 
phosphorescence, ebullition, intu- 
mescence, the exhalation of vapours 
having the odour cither of sulphur 
or garlic (the latter arising from 
the presence of arsenic), decrepita- 
tion, fusibility ; and, amongst the 
fusible minerals whether the pro- 
duce J3 a transparent glass, an 
opaque enamel, or a bead of metal. 

Having first made some observa- 
tions on a particle of the mineral 
alone, either the residue or a fresh 
piece should be examined with the 
addition of a flux, more particularly 
in the case of the ores, as the na- 
ture of the metal may be generally 
decided by the colour with which 
it tinges the substance used. The 
most eligible flux is borax : a piece 
about half the size of a pea being 
placed on the charcoal, is to be 
heated till it melts ; the j article of 
ore being then taken in a pair of for- 
ceps, is to be pressed down in it, and 
the heat applied ; or, should the 
mineralnot be inclined to decrepitate, 
it may be laid on the chaicoal, and 
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two or three pieces of borax, about 
the size of a pin’s head, placed over 
it : and on using the blow-pipe, the 
■whole will form itself into a globular 
bead. 

Blow-valve, the ‘ sniffing valve ’ of 
a condensing engine. 

Blue, one of the primitive colours 
of the rays of light, into •which they 
are divided when refracted through 
a glass prism. 

Blue stone, sulphate of copper. 

Blue-black, is a well-burnt and levi- 
gated charcoal, of a cool, neutral 
colour, and not differing from the 
common Frankfort black. Blue- 
black was formerly much employed 
in painting, etc. 

Blue carmine, is a blue oxide of nio- 
lybdcna, of which little is known as 
a substance or as a pigment. It is 
of a beautiful blue colour and dur- 
able in a strong light, but is subject 
to be changed in hue by other sub- 
stances, and blackened by foul air : 
therefore, it is not of much value in 
painting. 

Blue dyes, indigo, Prussian blue, log- 
wood, bilberry, and especially tlie 
aniline blues. 

Blue gum wood. (See Gum Wood.) 

Blueing, the process of heating iron, 
and some other metals, until they 
assume a blue colour. 

Blue John, fiuor spar, called so by 
Derbyshire miners. 

Blue ochre, is a mineral colour of 
rare occurrence, found with iron 
pyrites in Cornwall, and also in 
North America, and is a subphos- 
phate of iron. What Indian red is 
to the colour red, and the Oxford 
ochre to yellow, this is to other blue 
colours. They class in likeness of 
character : hence it is admirable 
rather for the modesty and solidity, 
than for the brilliancy of its colour. 

Blue pigments, found in common, 
are Prussian blue, mountain blue, 
Bremen blue, iron blue, cobalt blue, 
smalt, ultramarine, indigo, litmus, 
and blue cake. 

Blue tint, in coloming, is made of 
ultramarine and white, mixed to a 
lightish azure. It is a pleasant, 
working colour, and with it should 
be blended the gradations in a pic- 
ture. It follows the yellows, and 
with them it makes the greens; and 
with the red it produces the purples. 
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No colour is so proper for blending 
down or softening the lights into 
keeping. In pictures of less value, 
Antwerp blue may be substituted for 
ultramarine. (See Ultramarine.') 

| Blue bice. (See Bice.) 

[ Blue verditer is a blue oxide of cop- 
per, precipitated from the nitrate of 
copper by lime ; it is of a beautiful 
light-blue colour. It is little affected 
by light ; but time, damp, and im- 
pure air turn it green, and ultimately 
blacken it, — changes which ensue 
even more rapidly in oil than in 
water : it is, therefore, by no means 
an eligible pigment in oil, and is 
principally confined to distemper 
painting, and the uses of the paper- 
stainer, though it has been found to 
stand well, many years, in water- 
colour drawings and crayon paint- 
ings, when kept dry. 

Blue vitriol, sulphate of copper. 

31ulT: a bluff-bowed or bluff-headed 
vessel is one which is full and square 
forward. 

Blunk, heavy cotton cloth: the term 
is used in Scotland. 

3oard, a substance of wood contained 
between two parallel planes ; as when 
the baulk is divided into several 
pieces by the pit-saw, the pieces are 
J%\ called boards. 

& Board, in nautical language, the line 
jjfl over which a ship runs between tack 

and tack. To board is to enter a 

ship. 

Boarding-floors, are those covered 
T with boards : the operation of board- 
ing floors should commence as soon 
as the windows are in, and the plaster 
dry. 

Boarding-joists, joists in naked 
flooring, to which the boards are 
fixed. 

Boarding-pike, a pike used by sailors 
in boarding an enemy’s vessel. 

Boasting, in masonry , the paring of 
a stone with a broad chisel and mallet. 

Boasting, in sculpture or carving , is 
the rough cutting of a stone to form 
the outline of a statue or ornament. 

Boasting. (See Random Tooling.) 

Boat, the name of the vessel in which 
the incense is kept for use at the 
altar. 

Boats, small open vessels, impelled on 
the wafer by rowing or sailing, hav- 
ing different uses, dimensions, etc., 
either for river or rea service. 


Boat-hook, an iron hook with a sharp 
point, fixed on a pole, at the extre- 
mity. 

Boatswain, a warrant officer in the 
navy, who has the charge of the 
rigging, and calls the crew to duty. 

Bob, the engine-beam of the Cornish 

pumping engine. Of a pendulum, 

is the metallic weight -which is at- 
tached to the lower extremity of a 

pendulum-rod. This name is given 

in Birmingham to small polishing 
wheels, with rounded edges : they are 
made of leather. 

Bob-stay, is used to confine the bow- 
sprit down to the stem or the cut- 
water of a ship. 

Bobst ay -holes, those in the fore-part 
of the knee of the head, for the se- 
curity of the bobstav. 

Bocatorium, anciently a slaughter- 
house. 

B odium, a crypt, or subterraneous 
chapel. 

Body, in physics or natural philoso- 
phy, any solid or extended palpable 

substance. In geometry, it has 

three dimensions— length, breadth, 
and thickness. Bodies are either 

hard, soft, or elastic. In painting , 

a thick consistency of colour. 

Body-colour, a term used by artists, 
to denote the degree of consistency, 
substance, or tinging power of pig- 
ments or their vehicles. 

Body-plan, in naval architectural 
drawing, sectional parts showing 
fore and after parts of a vessel. 

Boeria, anciently a manor-house or 
large country dwelling. 

Bog, soft, marshy, and spongy matter, 
or quagmire. Kail roads have been 
made across bogs in Lancashire and 
in America, by draining, etc., and in 
the latter by piling as well as drain- 
ing. 

Boghead mineral, a bituminous 
mineral found in Scotland, used for 
the manufacture of paraffine. 

Bog-iron ore, an iron ore found in 
boggy land. 

Bogie’engine. (See Railways.) 

Boiler, a wrought-iron vessel con- 
taining water, to which heat is ap- 
plied for the generation of steam. 
Boilers are made of various forms, 
according to the nature of their ap- 
plication, and are constructed so us 
to obtain the largest heating surface 
with the least cubical content. A 
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boiler for 20 horse power is usually 
15 feet long and 6 feet wide ; there- 
fore 90 feet of surface, or 4^ feet to 1- 
ho'rse power ; a boiler for 14 horse 
power, 60 feet of surface, or 4*3 feet 
to 1-horse power ; but engineers 
allow 5 feet of surface to 1-horse 
power, and Mr. Hicks, of Bolton, 
propoitions his boilers at the rate of 
5^ square feet of horizontal surface of 
water to each horse power : Mr. Watt 
allows 23 cubic feet of space to each 
horse power. 

Boilers. Copper is sometimes used 
for boilers : it lias, however, less 
cohesive power than iron, and there- 
fore a greater thickness of metal is 
necessary to produce an equal 
strength. 

Boiling, or ebullition, the agitation of 
fluids, arising from the action of fire. 
It is produced by the conversion of 
the fluid into vapour. Water boils 
at the level of the sea at 212° Fah. 

Boke, in mining , a small run, or a pipe 
of ore, which soon dies out. 

Bole, an argillaceous mineral, having 
a conchoidal fracture, an internal 
lustre, and a shining streak. 

Boles, places found on hill-tops which 
bear marks of their having been 
the situation of small furnaces for 
smelting lead ores in ancient times. 

Bolide, an atmospheric fire-ball. 

Bollards, large posts set in the ground 
at each side of the docks, to lash and 
secure hawsers for docking and un- 
docking ships. 

Bollard timbers, in a ship, two 
timbers within the stem, one on each 
side of the bowsprit, to secure its end. 

Bolognese School, in painting, a 
Lombard school, founded by Caracci, 
the great painters of which were, — 
Franeia Agostino, b. 1558, d. 1601; 
Domenichino, b. 1581, d. 1641 ; 
Guido Remi, b. 1575, d. 1642; Gio. 
Lanfranco, b. 1678, d. 1744 ; Ludo- 
vico Caracci, b. 1555, d. 1619 ; Anni- 
bale Caracci, b. 1560, d. 1609 ; Fran- 
cesco Albani, b. 1578, d. 1GG0; 
Guercino, b. 1590, d. 1666. 

Bolognian stone is sulphate of 
baryta deprived of its water by calci- 
nation. If exposed to the rays of 

• the sun, and taken into a darkroom, 
it emits a good deal of phosphorescent 
light. 

Bolsters, timbers used in the con- 
struction of aretes and running 
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across from one rib to another for 
the purpose of supporting the vous- 
soirs. Timbers which are employed 
in a similar manner to a corbel are 
so called. Also the piece of timber 
placed upon the upper or lower 
cheek, worked up about half the 
depth of the hawse-holes, and cut 
away for the easement of the cable, 
and to prevent its rubbing the cheek ; 
likewise the solid piece of timber that 
is bolted to the ship's side, on which 
the stantients for the linings of the 
anchors are placed ; or any other 
small piece fixed under the gunwale, 
to prevent the main sheet from being 
rubbed, etc. 

Bolster, a tool used for punching holes 
and for making bolts. 

Bolster of a capital, the flank of the 
Ionic capital. 

Bolt, a cylindrical pin of iron or other 
metal, nsed for the various purposes 
of fastening securely together plank- 
ing or other timber work. 

Bolt-anger, an auger of a large size, 
used by shipbuilders. 

Bolt -rope, the rope to which the edges 
of sails are sewed, to strengthen 
them. 

Bolt-screwing machine, a machine 
for screwing bolt-, by fixing the bolt- 
head to a revolving "chuck, and caus- 
ing the end which it is required to 
screw to enter a set of dies, which 
advance as the bolt revolves. 

Bolts, long cylindrical bars of iron or 
copper, used to secure or unite the 
different parts of a vessel ; the princi- 
pal ironwork for fastening and secur- 
ing the ship. 

Bomb -ketch, a ship or vessel built 
with large beams, for carrying and 
raising of mortars at sea. 

Bomb-proof, a casemate, which see. 

Bomb -vessel, a strong- built vessel 
carrying heavy metal for bombard- 
ment. 

Bond, in masonry , the tie or union of 
several bricks or stones in building 
a wall : in bricklaying and masonry, 
it is the arrangement or placing of 
bricks, so as to form a secure mass of 

building. In carpentry , a term 

among workmen — to make good 
bond by fastening two or more pieces 
together, either tenoned, mortising, 
or dove-tailing. 

Bonders, Bond-stones, Binding 
stones, stones which reach a con- 
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siderable distance into, or entirely 
through, a wall, for the purpose of 
binding it together ; these are placed 
in the thickness of a wall, at right- 
angles to its face, to bind securely 
together. 

Bond timber, pieces of timber used 
to bind in brickwork especially. It 
is customary to put a row of' bond 
timber in the middle of the story, of 
greater strength than those for the 
bases and surfaces. 

Bone, after being polished is much 
used in making a variety of things, 
such as nail and tooth brushes, etc. 

Bone ashes, Bone earth, calcined 
bones. 

Bone-black, Paris black, animal, or 
bone charcoal. A reddish-black trans- 
arent pigment of very deep tone, 
t is prepared by burning bones in 
closed vessels, free from contact with 
the air. It differs but slightly from 
Ivory-black. 

Bone-brown and Ivory-brown, 
roduced by torrefying or roasting 
one and ivory, till by partial 
charring, they become of a brown 
colour throughout. 

Bone charcoal, bone-black purified 
by means of hot hydrochloric acid. 

Bone ore, a variety of brown iron 
ore. 

Bongrace (« sea term), is a frame of 
old ropes or junks of cables, laid at 

- the bows, sterns, and sides of ships 
sailing in cold latitudes, to preserve 
them from damage by flakes of ice. 

Boning, in carpentry and masonry, 
the art of making a plane surface 
by the guidance of the eye: joiners 
try up their work by boning with 
two straight-edges, which determine 
whether it be in or out of winding, 
that is to say, whether the surface 
be twisted or a plane. 

Bonnet, in navigation an additional 
piece of canvas attached to the foot 
of a jib, or a schooner’s foresail, by 
lacings, taken ofF in bad weather. 

Bonnets, the cast-iron plates which 
cover the openings in the valve- 
chambers of a pump : the openings 
are made so that ready access can 
be had when the valves need re- 
pairing. 

Bonney, in mining , a distinct bed of 
ore, that communicates with no vein. 

Bont, in mining , a hard part of a 
mineral vein. 


Boom, in ship-building , a long pole 
run out from different places in the 
ship, to extend the bottoms of par- 
ticular sails, as jib-boom, flying-jib- 
boom, studding-sail-boom, etc. 

Boomkin, in ship-building, a beam of 
timber projecting from each bow of 
a ship, to extend the clue or lower 
corner of the foresail to windward. 

Boor, a parlour, bedchamber, or inner 
room. 

Boose, in mining, that part of a vein 
in which ore is mixed up with loose 
rock. 

Booth, a stall or standing in a fair or 
market. 

Boot-topping, scraping off the grease, 
or other matter, which may be on a 
vessel’s bottom, and daubing it over 
with tallow. 

Boracic acid, an oxide of boron and 
hydrogen. It is obtained in large 
quantities from the boracic acid 
logoons of Tuscany. 

Borax, in chemistry, a salt in appear- 
ance like crystals of alum ; a combi- 
nation of boracic acid and soda ; 
borate of soda is used for soldering 
metals, and as a glaze for porcelain. 

Borcer, an instrument of iron, steel- 
pointed, to bore holes in large rocks, 
in order to blow them up with gun- 
powder. 

Bord, anciently a cottage. 

Bore, in hydrography , a sudden and 
abrupt influx of the tide into a river 
or narrow strait. 

Boreas, the north wind. 

Borer, a boring instrument, with a 
piece of steel at the end, called a 
boring-bolt. 

Boring, the art of perforating or 
making a hole through any solid 
body ; as boring the earth for water ; 
boring water-pipes, either wood, 
iron, zinc, or lead ; boring cannon, 
etc. 

Boring-bar, a bar of a small horizontal 
boring-machine : it is used for boring 
the brasses of plummer-blocks, by 
means of a cutter fixed in it. 

Boring-collar, in taming, a machine 
having a plate with conical holes 
of different diameters: the plate is 
movable upon a centre, which is 
equidistant from the centres or axes 
of the conical holes; the axes are 
placed in the circumference of a circle. 
The use of the boring-collar is to 
support the end of a long body that 
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is to be turned hollow, and which 
would otherwise be too long to be 
supported by a chuck. 

Boring-lathe, a lathe used for boring 
wheels or short cylinders. The 
wheel or cylinder is fixed on a large 
chuck, screwed to the mandril of a 
lathe. 

Boring-machine, a machine for turn- 
ing the inside of a cylinder. 

Boron, in chemistry, one of the ele- 
ments ; it is a dark green powder, 
which, heated out of the air, becomes 
harder, and darker in colour: it i 
burns brilliantly when heated in air 
or oxygen, forming boracic acid. 

Bort, a name given to a variety of the 
black diamond ; it is exceedingly 
hard, and is used for boring by the 
Diamond Boring Company. 

Boshes, in metallurgy , the lower part 
of a blast furnace ‘extending from 
the widest part to the top of the 
hearth. . .it is difficult in some casts 
to point out where they begin or 

end/ The iron box in which the 

puddler places his rabble. Applied 
to several parts of the furnace. 

Boss, a sculptured keystone or car red | 
piece of wood, or moulded plaster, 
placed at intervals of ribs or groins 
in vaulted and fiat roofs of Gothic 

structures. A short trough for 

holding mortar when tiling a roof : 
it is hung to the laths. The pro- 

jection in the centre of a shield. 

Bossage, projecting stones laid rough 
in building, to be afterwards cut 
into mouldings or ornaments. 

Bosquet, a Trench expression for a 
piece of ground in gardens, enclosed 
by a palisade or high hedgerow of 
trees, etc. 

BotanyBay oak, resembling in colour 
full red mahogany, is used as veneer 
for the backs of brushes, turnery, etc. 

Bottcher ware, a brown or red ware 
which has no glaze, but is polished 
by means of the lathe : it was made 
by a German (from whom it takes 
its name) in 1704. 

Bottle-glass, a composition of sand 
and lime, clay, and alkaline ashes of 
any kind. 

Bottom-captain, a superintendent 
over the miners in the depths of the 
mine. 

Bottom-heat, artificial temperature, 
produced in hothouses or under beds 
for the production of fruit or flowers. 
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Bottom-lift, in mining , the deepest 
or bottom tier of pumps. 

Bottom-rail, in joinery , the lowest 
rail of a door. 

Bottoms, in mining , the deepest 
working parts of a mine. 

Bottoms in fork. In Cornwall, 
when all the bottoms are unwatered, 
they say, ‘ the bottoms are in fork ; * 
and to draw out the water from them, 
is said to be ‘forking the water/ 
Likewise -when an engine has drawn 
out all the water, they say, ‘the 
engine is in fork/ 

Boudoir, a small retiring-room. 

Boulders, fragments of rocks trans- 
ported by water or ice, often found 
at great distances from the rock to 
which they belong. 

Boulder walls, walls built of the 
above. 

Bouldering stone, a smooth flint 
pebble, found in grav’d pits, and used 
by Sheffield cutlers for smoothing 
down the faces of buff or wooden 
wheels. 

Boulevard, promenades around a city, 
shaded by avenues of trees. 

Boultine, in architecture, a convex 
moulding, whose periphery is a 
quarter of a circle, next below the 
plinth in the Doric and Tuscan 
orders. 

Bounds, in mining, signifies the right 
to work for tin ore over a given space. 
The term and system of bounding 
are both obsolete. 

Bourse, a public edifice for the assem- 
blage of merchants to consult on 
matters of business or money, an 
exchange. 

Bout, in mining, a system of measuring 
used in Derbyshire ; a long bout is 
24 dishes, a short bout is 12 dishes. 

Boutant, in architecture, an arc* 
boutant is an arch, or buttress, 
serving to sustain a vault, and which 
is itself sustained by some strong 
wall or massive pile. 

Bova, anciently a wine-cellar. 

Bovey coal, wood-cod orlignite found 
at Bovey Tracey in Devonshire. (See 
Lignite.') 

Bow, the round part of a ship forward. 
Anciently an arch or gateway. ' 

Bow-compass, for drawing arches of 
very large aisles ; it consists of a 
beam of wood or brass with three 
long screws that bend a lath of wood 
or steel to any arch. The term also 
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denotes small compasses employed 
in describing arcs too small to be 
accurately drawn by the common 
compasses. 

Bow and string bridge, or bow- 
string or tension bridge ; in which 
the horizontal thrust of the arch, or 
trussed beam, is resisted by means of 
a horizontal tie attached" as nearly 
as possible to the chord line of the 
arch. 

Bow and string beam, a beam so 
trussed that the tendency of the 
straight part to sag when loaded is 
counteracted to some extent by the 
tension upon its two ends, by a bow 
of wood or metal attached to those 
extremities. 

Bow and string girder, a wrought- 
iron bow and string girder, patented 
by Mr. G. Nasmyth. 

Bower, anciently a small enriched 
chamber for ladies ; a private room, 
or parlour, in ancient castles and 
mansions. In navigation , two an- 

chors are thus named from their 
being carried at the bow, the cable 
of which is bent and veered through 
the hawse-hole. 

Bower cable, the principal cable for 
securing the ship to the Bower an - 
chor. 

Boweric, in the East Indies, a well 
descended by steps. 

Bow-grace, a frame of old rope or 
junk, placed round the bows and 
sides of a vessel, to prevent the ice 
from injuring her. 

Bowge (a sea term), a rope fastened 
to the middle of the sail, to make it 
stand closer to the wind. 

Bowk, the name of the tub by which 
the miners descend and ascend in 
South Staffordshire. 

Bow-line, in navigation , a rope lead- 
ing forward from the leach of a 
square sail, to keep the leach well 
out, when sailing close-hauled. 

Bowling-alley, a place where the 
game and exercise of bowling is 
carried on. 

Bowl, bowling, or bowline (in a 
ship), a round space at the head of 
the mast for men to stand in. 

Bowling-green. Bowling was an an- 
cient English game. A bowling- 
green was usually attached to the 
private grounds during the ICth, 
17th, and 18th centuries. 

Bowls of silver were used as drinking- 


glasses are now, before the intro- 
duction of glass for such purposes; 
they were of small sizes, in * nests * 
fitting one within another. Of the 
larger-sized bowls the most distin- 
guished are the mazer and the was- 
sail. Mazer is a term applied to 
large goblets, of every kind of ma- 
terial; but the best authors agree 
that its derivation is from maeser , 
which, in Dutch, means maple ; and 
therefore that a mazer bowl was 
originally one formed of maple wood. 

Bow-saw, a saw used for cutting the 
thin edges of wood into curves. 

Bowse, to pull upon a tackle. 

Bowse-away (a sea phrase ), to pull all 
together. 

Bowsprit, in ship-building, a large 
boom or mast which projects forward 
over the stem to carry sail. 

Bowtel, the shaft of a "clustered pillar, 
or a shaft attached to the jambs of a 
door or window. 

Box, for mitring, a trough for cutting 
mitres : it has three sides, and is 
open at the ends, with cuts in the 
vertical sides at angles of 45° with 
them. 

Box-drain, an underground drain 
built of brick and stone, and of a 
rectangular section. 

Box of a rib-saw, two thin iron plates 
fixed to a handle, in one of which 
plates an opening is made for the 
reception of a wedge, by which it is 
fixed to the saw. 

Box foot pipe oven, in metallurgy, an 
arrangement, used tor heating air for 
blast furnaces, of cast-iron boxes; 
with the legs of each pipe fitting into 
the sockets of two contiguous boxes. 
The blast passes up one leg of a pipe 
and down the other. 

Box-haul, to veer a ship in a manner 
when it is impossible to tack. 

Box the compass, to repeat thirty- 
two points of the compass in order. 

Boxing-off, throwing the head sails 
aback, to force the ship’s head ra- 
pidly off the wind. 

Boxings of a window, the cases oppo- 
site each other on each side of a 
window, into which the shutters are 
folded. 

Box-wood is of a yellow colour, in- 
clining to orange; is a sound and 
useful wood, measuring from 2 to 
6 feet long, and to 12 inches in 
diameter : it is much used by wood- 
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engravers; for clarionets, flutes ; for 
carpenters’ rules, drawing-scales, etc. 
Much of it comes from Box Hill, in 
Surrey, and from several districts in 
Gloucestershire, also from other parts 
of Europe. 

Boziga, anciently a house or dwelling. 

Brace, a piece of slanting timber, used 
in truss partitions, or in framed 
roofs, in order to form a triangle, 
and thereby rendering the frame 
immovable: when a brace is used 
by way of support to a rafter, it is 
called a strut: braces in partitions 
and span roofs are always, or should 
be, disposed in pairs, and placed in 
opposite directions. An instru- 

ment into which a vernier is lixed ; 
also part of the press-drill; also the 

mouth of a mine-shaft. A rope 

by which a yard is turned about. 

Brace-head, a cross piece on the top 
rod of a boring apparatus. 

Braces, that security for the rudder 
which is fixed to the stem-post and 
to the bottom of a ship. 

Bracket plummer-block, a support 
for a shaft to revolve in, formed so 
that it can be fixed vertically to the 
frame of a machine, or to a Avail. 

Brackets, ornaments: the hair brac- 
ket in ship-building is the boundary 
of the aft-part of the figure of the 
head, the lower part of which ends 
with the fore-part of the upper cheek. 
The console bracket is a light piece 
of ornament at the fore-part of the 
quarter-gallery, sometimes called a 

canting-hose. The cheeks of the 

carriage of a mortar ; a cramping- 
iron to stay timber-work ; also stays 
set under a shelf, to support it. 

Bracket -stairs. ‘ The same method 
must be observed, with regard to 
taking the dimensions and laying 
down the plan and section, as in 
dogling-stairs. In all stairs what- 
ever, after having ascertained the 
number of steps, take a rod the 
height of the story, from the surface 
of the lower floor to the surface of 
the upper floor ; divide the rod into 
as many equal parts as there are to 
be risers ; then, if you have a level 
surface to work upon below the 
stairs, try each one of the risers as 
you go on: this will prevent any 
defect.’ 

Brad, a small nail with a projecting 
head on one edge. 
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Brad-awl, the smallest boring tool 
used by a carpenter; its handle is 
the frustum of a cone tapering 
downwards; the steel part is also 
conical, but tapering upwards, and 
the cutting edge is the meeting of 
two basils, ground equally from each 
side. 

Brails, in navigation , ropes by which 
the foot or lower corners of fore-and- 
aft sails are hauled up. 

Brake, the apparatus used for retard- 
ing the motion of a wheel by friction 
upon its periphery. — The handle of 
a ship’s pump. — A machine used in 
dressing flax. 

Brake-wheel, the wheel acted upon 
by a brake. 

Brakes, contrivances by means of 
which friction is purposely opposed 
to the motion of the machine. They 
are of various kinds. 

Bramah’s hydrostatic press con- 
sists in the "application of water to 
engines, so as to cause them to act 
with immense force. If a tube of 
water of one inch diameter is con- 
nected with a vessel of water 100 
inches in diameter and a pressure of 
10 pounds is applied to the smaller 
column of "water, the power in the 
larger vessel is multiplied 100 times. 

This press was constructed in 
Woolwich dockyard for testing iron 
cable*, and the strain is produced by 
hydrostatic pressure : its amount is 
estimated by a system of levers ba- 
lanced on knife-edges, which act quite 
independently of the strain upon the 
machine, and exhibit sensibly a 
change of pressure of £th of a ton, 
even when the total strain amounts 
to 100 tons. 

This proving-machine was con- 
structed by Messrs. Bramah, of Pim- 
lico, and is doubtless one of the most 
perfect of the kind which has been 
executed. It consists of two cast- 
iron side*, cast in lengths of Oi feet 
each, with proper flanges for abutt- 
i ing against each other, and for fixing 
the whole to sleepers resting on a 
secure foundation. The whole length 
of the frame is 10 U feet, equal to 
£th the length of a cable for a first- 
rate ; so that the cables are tested in 
that number of detached lengths, 
which are afterwards united by 
shackle holts. The press is securely 
bolted down at one end of the frame. 
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j and the cylinder is open at both 
ends. The solid piston is 5^ inches 
in diameter in front and 10,V inches 
j behind, so that the surface of pres- 
sure is the difference of the two, viz. 

^1" 21 1 ^ x *7834 = G5i inches. 

The svctem of levers hung on 
knife-edges is attached to the other 
end of the frame, and the cable is at- 
j tached by bolt-links to this and to 
f| the end of the piston rod. The levers 
5 being properly balanced, and the 
5 cable attached to a short arm rising 
f? above the axis, this draws the other 
■ arm downwards ; and at a distance 
equal to twelve times the short arm, 
' fc ,A*-is a descending pin and ball, acting 
I in a cup placed on the upper part of 

I j the arm of the second lever, and this 
again acts on a third. The first two 
j levers are under the floor, and pass 
j ultimately into an adjacent room, 
j where a scale carrying weights is 
I conveniently placed, and the" whole 
I combination is such that evu v pound 
j in the scale is the measure of a ton 
| strain : the whole acts with such pre- 
( cision that Jth of a pound, more or 
5 less, in the scale, very sensibly affects 
( the balance. At the same ‘place is 
t situated a scale, acted upon by the 
| water-pressure from the charge-pipe 
I of the pi ess, and the valve"iu this 
I pipe is of such dimensions that, to- 
I gether with the lever by which it 
8 acts, the power is again such that a 
® pound should balance a ton ; but the 
friction is here sogreat that itrequires 
several pounds to make a sensible 
change in the apparent balance, and 
for this reason this scale is never used. 
The forcing-pumps are in another 
adjacent room, and are worked by 
handles, after the manner of a nie 
engine. At first, six pistons are 
acting, and the operation proceeds 
quickly ; but as the pressure and 
strains increase, the barrels are suc- 
cessively shut off', till at length the 
whole power of the men is employed 
on one pair of pumps only, and* on 
this the action is continued till the 
proofs train is brought on the cable. 
A communication is then opened 
between the cistern and cylinder, and 
everything is again restored to equi- 
librium. 

r am ley Fall Stone, a sandstone of 


the Millstone Grit formation, quar- 
ried in the township of Bramley in 
Yorkshire. 

Branch., m mining, a leader, string, or 
rib of ore, that runs into a lode ; or 
if a lode is divided into several 
strings, they are called branches, 
whether they contain ore or not : 
likewise strings of ore which run 
transversely into the lode ; and so 
are all veins that are small, dead or 
alive, i.e. whether they contain ore or 
not. 

Branched work, carved and sculp- 
tured leaves and branches in monu- 
ments and fiiezes. 

Branches, anciently the ribs of groin- 
ed ceilings. 

Brandishing or Brattishing, a term 
used for carved-work, as a crest, 
battlement, or other parapet. 

Brandrith, a fence or rail round the 
opening of a well. 

Brass, a factitious metal, made of 
copper and zinc. 

Brass, Cast. Specific gravity, 8-37 ; 
weight of a cubic foot, 523 lbs.; 
weight of a bar 1 foot long and 1 
inch square, 3*G3 lbs.; expands 
of its length by one degree of heat 
(Troughton) ; * melts at 1869° 
(Daniell) ; cohesive force of a square 
inch, 18, DUO lbs. (Rennie) ; will bear 
on a square inch without permanent 
alteration, 0700 lbs , and an extension 
in length of jfa ; weight of modulus 
of elasticity for a base of an inch 
square, 8,930,000 lbs.; height of 
modulus of elasticity, 2,406,000 feet; 
modulus of resilience, 5 ; specific resi- 
lience, 0’G (Tredgold). 

Compared with cast iron as unity, 
its strength is 0-435; its extensibility, 
0-9 ; and its stiffness, 0*49. 

Brasses ( Sepulchral ), monumental 
plates of brass or mixed metal, an- 
ciently called latten , inlaid on large 
slabs of stone, which usually form 
part of the pavement of a church, and 
represent in their outline, or by lines 
engraved upon them, the figure of 
the deceased. 

Brassey coal. Coal containing iron 
pyrites. 

Brassil, 4 a bard substance and fiery, 
but yields no mettle’ (Hodson): a 
sulphur ore. Pyrites. 

Brattice, or Brattish, in coal minir.g , 
a division made in a shaft or a gti- 
Vry, so as to produce currents of sir 
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moving in different directions, for the 
purpose of ventilation. 

Brat-fishing, anciently, carved open- 
work. In mining , dividing the 

shaft or gallery. 

Brattice cloth, in mining , tarred 
canvas or other cloth used for ven- 
tilating purposes in collieries. 

Bray, anciently, a bank or earthen 
mound. 

Brazen dish, the standard measure 
used in Derbyshire, and chained in 
some place under charge of the bar- 
master. 

Braziers. The supports formerly used 
for burning wood. (See Hogs, fire.') 

Brazil wood, the wood of Ccesalpinia 
echinata , which yields a red dye : it 
is imported principally from Pernam- 
buco : the tree is large, crooked, and 
knotty ; and the bark is thick, and 
equals the third or fourth of its dia- 
meter. Its principal use is for dye- 
ing: the best pieces are selected for 
violin-bows and turnery. 

Braziletto-wood is of a ruddy orange 
colour, principally used for dj'eing. 
and for turnery and violin-bows. 

Brazil, a term in South Staffordshire 
for a hard coal approaching Anthra- 
cite. It is also applied to a ‘ Brassey 
coal,’ which see. 

Brazing, the soldering together of 
edges of iron, copper, brass, etc. with 
an alloy of brass and zinc called spel- 
ter solder. 

Breadth is applied to painting when 
the colours and shadows are broad 
and massive, such as the lights and 
shadows of the drapery ; and when 
the eye is not checked and distracted 
by numerous little cavities, but glides 
easily over the whole. Breadth of 
colouring is a prominent character in 
the painting of all great masters. 

Break, in shipping. To break bulk is 

to begin to unload. A projection 

or recess from the surface or wall of a 
building. 

Break joint, construct ively, to dis- 
allow two joints to occur over each 
other. 

Breaker, a small cask for water. 

Breaking down, in sawing, is divi- 
ding the baulk into boards or planks. 

Breakwater, a contrivance to ward 
off or diminish the force of waves, 
to protect harbours, stations etc, 
from the violence of tempestuous 
gales. ^ Some stupendous works have 


been executed for these purposes, es- 
pecially that at Plymouth, by the 
late John Rennie, the breakwater at 
Cherbourg, and others. 

Breaming, cleaning a ship’s bottom 
by burning. 

Breast, in mining , the face of coal- 
workings. 

Breast -fast, a rope used to confine a 
vessel sideways to a wharf or to 
some other vessel. 

Breast-hooks, pieces of compass or 
knee-timber, placed withinside a ship 
to keep the bows together. The deck- 
holes are fayed to the timbers, and 
placed in the direction of the decks : 
the rest are placed one between each 
deck, and as many in the hold as are 
thought needful ; all of which should 
be placed square with the body of 
the ship, and fayed on the planks. 
Breast-hooks are the chief security 
to keep the ship’s bows together; 
therefore they require to be very 
strong and well secured. 

Breast -knees are placed in the for- 
ward part of a vessel, across the 
stem, to unite the bows on each side. 

Breast-plate, that in which the end 
of the drill opposite the boring end is 
inserted. 

Breast-rail, the upper rail of the bal- 
cony or of the breastwork on the 
quarter-deck. 

Breast-rope, a rope passed round a 
man in the chains, while taking 
soundings. 

Breast-wheel, in mill-work , a form of 
water-wheel in which the water is 
delivered to the float-boards at a 
point somewhat between the bottom 
and top. Buckets are seldom em- 
ployed on breast-wheels. 

Breastwork, the stantients with rails 
on the quarter-deck and forecastle. 
The breastwork fitted on the upper 
deck of such ships as have no quarter- 
deck serves to distinguish the main- 

deck from the quarter-deck. A" 

mass of earth raised to protect troops 
from the fire of an enemy. 

Breccia, an Italian name given to 
stones composed of angular fragments 
of any hard rock cemented together 
by carbonate of lime or other cement- 
ing medium ; sometimes the frag- 
ments are a little rounded ; it is th »n 
called pudding stone or conglomerate. 
Breceiated marbles are capable of 
receiving a very high polish. 
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Breech, the angle of a knee-timber, 
the inside of which is called the 
throat. 

Breechings, in a ship , are ropes by 
which the guns are lashed fast or 
fastened to the ship’s side. 

Breeze, small coal, or small ashes and 
cinders used instead of coal for the 
burning of bricks. In metallurgy , a 
name given to small coke. 

‘ The “ breeze ” is in great request 
for Smith’s fires.'— Percy, Metal - 

* lurgy. 

* Breeze-oven, in metallurgy, an oven 

for converting non-caking or small 
coal into * breezes.’ 

,)B I ‘ The non-caking “ thick coal ” slack 

of Staffordshire is employed in this 
a oven . The slack is screened, and the 
finer part is burnt on the grate ad- 
joining the boiler, while the remainder 
is converted into “breezes.”’ — Percy, 
Metallurgy . 

Breostweall, anciently, a breast-high 
wall. 

Bressummer, a beam supporting a 
superincumbent part of an exterior 
wall, and running longitudinally 
below that part. 

Brest, in architecture, is that column 
- which is called the thorns or tore. 

-| Bretachise, anciently, wooden towers, 
I attached to fortified* towns, 
i Brewhouse, a building specially built 
\ and appropriated for the brewing of 
beer. 

* Bricks are a kind of factitious stone, 

composed of argillaceous earth, and 
frequently a certain portion of sand, 
and cinders of sea-coal (called breeze), 
tempered together with water, dried 
in the sun, and burnt in a kiln, or in 
a heap or stack called a clamp. For 
good brick-making, the earth should 
be of the purest kind, dug in autumn, 
and exposed during the winter’s 
frost ; this allows the air to penetrate, 
and divide the earth particles, and 
facilitates the subsequent operations 
of mixing and tempering. Specific 

. gravity, 1*841 ; weight of a cubic 
loot, lib lbs.; absorbs of its weight 
of water; cohesive force of a square 
inch, 275 lbs. (Tredgold); is crushed 
by a force of 5G2 lbs. one square inch 
(Rennie). 

The Romans made bricks of various 
sizes, from 1 foot to 2 feet in length, 
from 7 inches to 9 inches in breadth, 
and from 3^ in. to 1 A in thickness 
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Mr. I.ayard, in his work on Nine- 
veh, says — * The soil, an alluvial 
deposit, was rich and tenacious : the 
builders moistened it with water, and 
adding a little chopped straw, that it 
might be more firmly bound together, 
they formed it into squares, which, 
when dried by the heat of the sun, 
served them as bricks. In that 
climate, the process required but two 
or three days. Such were the earliest 
building materials, and they are used 
to this day, almost exclusively, in the 
same country. 

‘The Assyrians appear to have 
made much less use of bricks baked 
in the furnace than the Babylonians, 
no masses of brickwork, such as are 
everywhere found in Babylonia 
Proper, existing to the north of that 
province.’ 

Some of Palladio’s finest examples 
are of brick : the cortile of the Carith 
at Venice is an instance. The in- 
teriors of the Redentore and St. 
Giorgio, in the same city, have but 
a coat of plaster on them ; the beau- 
tiful Palazzo Thiene at Vicenza, at 
least that part which was executed, 
is left with its rockworked basement 
in brickwork chipped out. Form 
alone fastens on the mind in works of 
art; the rest 'is meretricious, if used 
as a substitute to supersede this grand 
desideratum. 

Brick-axe, used for axing off the 
soffits of bricks to the saw-cuttings, 
and the sides to the lines drawn : aa 
the bricks are always rubbed smooth 
after axing, the more truly they are 
axed, the less labour there will be in 
rubbing. 

Brick groins, the intersecting or 
meeting of two circles upon their 
diagonal elevations, drawn upon the 
different sides of a square, whose 
principal strength lies m the united 
force of elevation divided by geo- 
metrical proportions to one certain 
gravity. 

Bricklaying, the art by which bricks 
are joined and cemented, so as to 
adhere as one body. This art, in 
London, includes the business of 
walling, tiling, and paving with bricks 
or tiles. 

Brick-nogging, brickwork carried 
up and filled in between timber fra- 
ming. 

Brick-trimmer, a brick arch abutting 
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upon the wooden trimmer under the 
slab of a fire-place, to prevent tbe 
communication of fire. 

Brick-trowel, a tool used for taking 
up inortar and spreading it on the 
top of a wall, to cement together the 
bricks, etc. 

Brickwork. Weight of a cnbic foot 
of newly built, 117 lbs. ; weight of a 
t od of new brickwork, 16 tons. 

Bridge, a constructed platform, sup- 
ported at intervals, or at remote 
points, for the purpose of a roadway 
over a strait, an inlet or arm of the 
sea, a river or other stream of water, 
a camil, a valley or other depression, 
or over another road. It is distin- 
guished from a causeway, or em- 
banked or other continuously sup- 
ported roadway, and from a raft, by 
being so borne at intervals or at 
remote points. Constructions of the 
nature and general form and ar- 
rangement of bridges, — such as 
aqueducts and viaducts ; the former 
being to lead or carry streams of 
water or canals, and the latter to 
carry roads or railways upon the 
same, or nearly the same level, over 
depressions, — are in practice con- 
sidered as bridges, although they are 
not such in the commonly received 
sense of the term. 

There are bridges built of stone, 
brick, iron, timber, wire, on the prin- 
ciples of suspension, and of rigid 
girders and beams. 

The Britannia bridge is a rigid 
tube, through which the trains pass. 
The Albert bridge, is a bridge sus- 
pended from arched iron tubes The 
former was built by Stephenson, and 
the latter by Brunei. 

The bridge across tlie Zab, at 
Lizari, is of basket-work. Stakes 
are firmly fastened together with 
twigs, forming a long hurdle, reach 
ing from one side of the river to the 
other. The two ends are laid upon 
beams, resting upon piers on the 
opposite banks. Both the beams and 
the basket-work are kept in their 
places by heavy stones heaped upon 
them. 

The principal object to be observed 
in forming the plan of a bridge, is to 
give a suitable and convenient aper- 
ture to the arches, so as to afford a 
free vent to the waters of sudden 
Ps > ods or inundations, and to secure 
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the solidity and duration of the 
edifice by a skilful construction. The 
solidity of a bridge depends almost 
entirely on the manner in which its 
foundations are laid. When these 
are once properly arranged, the upper 
part may be erected either with 
simplicity or elegance, without im- 
pairing in anv degree the durability 
of the structure. Experience has 
proved that many bridges either 
decay, or are swept array by sudden 
floods, by reason of the defective 
mode of fixing their foundations, 
while very few suffer from an un- 
skilful construction of the piles or 
arches. This latter defect, however, 
is easy of correction, nor is it difficult 
to prevent the consequences that 
might be expected from it. 

In the projection of a bridge, five 
principal points are necessary to be 
considered, — first, the choice of its 
position or locality ; secondly, the 
vent, or egress that must be allowed 
to the river ; thirdly, the form of the 
arches ; fourthly, the size of the 
arches; fifthly, the breadth of the 
bridge. 

When a bridge is covered with 
people, it is about equivalent to a 
load of 1*20 lbs. on a superficial foot ; 
and this may be esteemed the greatest 
possible extraneous load that can be 
collected on a bridge; while one 
incapable of supporting this load 
cannot be deemed safe. 

Bridge-board, or notch-board, a 
board on which the ends of the steps 
of wooden stairs are fastened. 

Bridged gutters are made with 
boards supported by bearers, and 
covered above -with lead. 

Bridge-stone, a stone laid from the 
pavement to the entrance-door of a 
house, over a sunk area, and sup- 
ported by an arch. 

Bridging-floors, floors in which 
bridging- joints are used. 

Bridging-joists are the smallest 
beams in naked flooring*, for sup- 
porting the boards for walking upon. 

Bridging-pieces, pii ees placed be- 
tween two opposite beams, to pre- 
vent their nearer approach, as rafters, 
braces, struts, etc. 

Bridle, the spans of rope attached to 
the loaches of square sails, to which 
the bowlines are made fast. 

Bridle-cable, in navigation. When 
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a vessel is moored by laying down a 
cable upon the ground, with an 
anchor at each end, then another 
cable attached to the middle of the 
ground cable is called bridle-cable. 

Bridle-part, the foremost part, used 
for stowing the anchors. 

Brig, a square-rigged vessel with two 
masts. 

Brine -pump, the pump in a steam- 
ship, used occasionally for drawing 
off a sufficient quantity of water, to 
prevent the salt from depositing in 
the boiler. 

Bringing the copper together (in 
soap manufacture ). The process by 
which the soap in the copper is 
brought to a line uniform smooth 
paste by adding water. 

Bristol paper, a stout drawing paper 
formerly made at Bristol. 

Bristol board, sheets of drawing 
paper pasted together and submitted 
to great pressure ; it is of various 
thickness and is used for water- 
colour drawings or for mounts. 

Britannia metal, ail alloy com- 
posed of block tin, antimony', copper 
and brass ; it much resembles hard 
pewter. 

British gum, a gum made by torre- 
fying starch ; it is used for stiffening 
goods and for adhesive stamps. 

Brittleness is a want of tenacity 
or strength in any substance, so as to 
be easily broken by pressure or im- 
pact. Iron may possess brittleness 
when hot; it is then called ‘ red-short,’ 
or when\*old, when it is called ‘ cold- 
short/ 

Broach, an old English term for 
spire; still in use in some parts of 
tiie country to denote a spire spring- 
ing from the tower without any in- 
termediate parapet. A pyramidal 

tool used for scraping a punched 
hole smooth, sometimes called a 
rimer . 

Broach- to, in navigation , to fall off so 
much, wlnn going free, as to bring 
the wind round on the other quarter, 
and take the sails aback. 

Broadside, the whole side of a vessel. 

Broken back, the state of a vessel 
n hen she is so loosened as to droop 
at each end. 

Broken colours, a term u^cd by 
artists to describe a colour produced 
in nature, by the combination of the 
primary colou *s in unequal quanti- 
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ties, or by the combination of one or 
more pigments. 

Bromine, in chemistry, one of the 
elements: it is found in sea-water 
and salt springs ; as bromide of potas- 
sium, sodium, or magnesium, also 
combined with silver in a few ores. 

Brontern, in Greek architecture, bra- 
zen vessels placed under the floor of 
a theatre, with stones in them, to 
imitate thunder. 

Bronze, a compound metal, made by 
the ancients of from 6 to 12 parts of 
tin and 100 parts of copper, but the 
modern bronze is made with an addi- 
tion of zinc and lead. Phosphorus has 
recently been combined with bronze 
to give it fluidity and hardness. 

Bronzing, giving a metallic or bronze- 
like appearance to any' substance that 
is not metal, or to another kind of 
metal ; it is done either by' rubbing 
the object to be bronzed with varnish 
and bronze powder, or by deposit- 
ing a thin coating of copper on the 
object by means of the electrotype 
process. 

Brood, in mining, any heterogeneous 
mixture among tin or copper ore, as 
Mundic, Black Jack, etc. 

Browning, a process by which the 
surfaces of articles of iron acquire a 
shining brown lustre: the material 
used to produce this is the chloride 
of antimony or sometimes of platinum. 

Brown ink. Various compounds were 
used in sketching by Claude, Rem- 
brandt, and many of the old masters, 
the principal of which were solutions 
of bistre and sepia. 

Brown ochre. Spruce ochre, or 
Ochre de Rue, a kind of dark- 
coloured yellow oclirc : it is much 
employed, and affords useful and per- 
manent tints. This and all natural 
ochres require grinding and washing 
over, to separate them from extra- 
neous substances ; and they acquire 
depth and redness by burning. 

Brown-pink, a flue glazing colour 
having but little strength of body. 
In the flesh, it should never join or 
mix with the lights, because this 
colour and white antipathise and 
mix of a warm dirty hue ; for which 
reason their joinings should be 
blended with a cold middle tint. 

Brown-post, a name given by' some 
builders to a beam laid across a 
building. \ 
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Brown spar, a magnesian carbonate 
of lime, tinged by oxide of iron and 
manganese. 

Bruiser, a concave tool used in grind- 
ing the specula of telescopes. 

Brunswick green, a pigment com- 
posed of carbonate of copper with 
chalk or lime. 

Brush wheels are used in light ma- 
chinery, to turn each other by means 
of bristles or brashes fixed to their 
circumference. 

Buata, anciently an arch of chamber; 
a crypt. 

Bueca, anciently an almonry. 

Bucentaur, the name of the once ce- 
lebrated galley of Venice, used by 
the Doge on Ascension-day, to ce- 
lebrate the wedding of the Adriatic, 
by dropping a ring into that sea. 

Buckers, in mining, bruisers of the ore. 

Buckets, in water-wheels, a series of 
cavities placed on the circumference 
of the wheel, and into which the 
water is delivered, to set the wheel 
in motion. Bv the revolution of 
the wheel the buckets arc alternately 
placed so as to receive the water, and 
inverted so as to discharge it, the 
loaded side always descending. 

Bucking, in mining, a term applied 
to a method of breaking the poor 
copper ore smaller by hand, with 
small flat irons, called tucking- irons, 
in order to wash and separate the 
ore from the waste. 

Bucking-iron, in mining , a flat tool 
with which the ore is broken. 

Bucking-plate, the iron plate upon 
which the ore is broken. 

Buckler, a shield of armour, anciently 
used in war. 

Bucklers, in ships, blocks of wood 
made to fit in the haw?c-lioles, or 
holes in the half-ports, when at sea. 

Bucranes, in sculpture , the head-? of 
oxen, flayed and lacerated, sometimes 
represented on frieze*. 

Buddie, in mining, a machine like a 
table placed, near the stamping-mill, 
upon which the fine tin is washed 
from its impurities by water con- 
stantly running over the buddle, 
while a boy, called a buddle-boy, is 
standing at the side of it, and keeping 
the stuff in gentle motion. 

Buddling, the process of cleaning tin 
or other ores in a buddle. 

Budget, a pocket used by tilers or 
slaters for holding the nails in lath- 
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ing for tiling or fixing slates on a 
roof. 

Buff leather is made from the skins 
of various animals, such as the 
buffalo, ox, etc , and dressed with 
oil. It is used for polishing, and 
also for making belts, pouches, etc. 

Buffers, rods with enlarged ends or 
striking-blocks projecting from the 
ends of the frame of a railway car- 
riage, and attached to springs, for 
deadening the shocks received from 
the engines. The buffing appa- 
ratus is usually composed of round 
blocks or discs of wood or metal, 
covered with cushions of leather, 
or of India-rubber, which project 
from the ends of carriages. They 
are so fixed in the framing of the 
carriage, that they press against an 
elliptical spring when the carriages 
come in contact. 

Buffet, a table with long narrow 
shelves over it ; a convenient piece 
of furniture for a sitting room. 

Buhl-work. Buhl-work consists of 
inlaid veneers, and differs from mar- 
quetry in being confined to decora- 
tive scroll-work, frequently in metal. 
Buhl, from whom the name was 
derived, was a French cabinet-maker 
who died in 1732, and he introduced 
the process of inlaying wood with 
either wood or metal. (See Mar- 
quetry . ) 

Buhr-stone, a celebrated grit stone, 
much used in France for mill-stones. 

Builder, a term applied both in civil 
and naval architecture : in the former 
the builder is mostly employed under 
the superintendence of an architect, 
by contract, or at measure and value; 
in the latter, under the naval archi- 
tect, mostly by contract. 

Building, the art which comprises all 
the operations of an architect in 
building with stone, brick, timber, 
iron, cement, etc. 

Buildings Act, an Act of Parliament 
parsed in the 18th and 10th of 
Victoria, to regulate the construction 
of buildings generally, and appur- 
tenances thereto, and to determine 
their supervirion by district surveyors 
and referee'?. 

Building of beams, the joining of 
two or several pieces of timber to- 
gether in one thickness, and of several 
pieces in one length, by means of 
bolts, so as to form a beam of given 
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1 dimensions, which it would be im- 
| possible to obtain from a single piece 
f of timber. 

J Buleuteria, among the Greeks, coun- 
* cil-chambers or public halls. 

Bulge, that part of a ship which 
bulges out at the floor-heads, to 
assist the ship when taking the 
' ground. 

Bulge-way, a large piece of timber, 
or pieces bolted together, making 
one solid piece, placed under the 
bulge of a ship, to support her 
launch. The support of the bulge- 
■v ways to lie on, is called ways, which 
sometimes are placed straight and 
sometimes cumber: but if they do 
cumber, it should be truly circular ; 
though sometimes the curve is 
quicker at the lower part, but this is 
i liable to strain the sheer of the ship. 

, Their extreme distance is generally 
about one-third the breadth of the 
ship, but this must depend on the 
| form of the mid-ship bend. 

Bulk, the contents of the hold of a 

ship. 

Bulkar, a beam or rafter. 

Bulk -heads, partitions built up in 
several parts of a ship, to foim and 
separate the various apartments. 
Bullantic, so-called ornamental capital 
■ letters, used in apostolic bulls. 

-Bull dog, in metallurgy , calcined mill 
4 furnace scoria?. Puddling furnace 
E cinder, calcined so as to peroxidizc 
the iron, is so-called. It is used in 
J the process of puddling iron in the 
game way as red hannatite ore is 
fcgaployed. This substance is capable 
of resisting the action of puddling 
pig, which is more rapid than that 
of refined metal or a mixture of 
refined metal and pig. 
Bullen-nails, such as have round 
heads with short shanks, turned and 
lacquered, used principally for hang- 
ings of rooms. 

Bullet-wood, from the West Indies, 
is the produce of a large tree with a 
white sap ; is of a greenish hazel, 
close and hard; used in the country 
for building purposes. Another 
species, from Berbice, is of a hazel- 
brown colour, adapted to general and 
eccentric turning. 

Bull’s eye, a small circular aperture 
for the admission of light. Also, 
a small oval block of hard wood 
without sheaves, having a groove 


round the outside, and a hole in the 
middle. 

Bulwarks, the woodwork round a 
vessel, above her deck, consisting of 
boards fastened to stanchions and 
timber-heads. 

Bumboats, those boats which lie 
alongside a vessel in port with provi- 
sions for sale. 

Bumpkins, pieces fitted above the 
main-rail in the head, which extend 
nearly as far forward as the fore- 
part of the knee of the head, and are 
lor the use of hauling down the fore- 
tack. 

Bunch, or Bunchy : in mining , a 
lode that contains isolated masses of 
ore is said to be bunchy ; the term 
squat is sometimes applied to a bed 
of ore found in or at the side of a 
regular lode. (See Carbona .) 

Bundle-pillar, a column or pier, with 
others of small dimensions attached 
to it. 

Bunny, in mining, of tin or copper 
ore ; a pipe of ore j a great collection 
of ore, not a vein. (See Bunch.) 

Bunt, of a sail, the middle part formed 
into a bag or cavity, that it may 
gather more wind. 

Bunting, thin woollen stuff, of which 
a ships colours are made. 

Bunt-line cloth, the lining sewed up 
the sail in the direction of the bunt- 
line, to prevent the rope from chafing 
the sail. 

Bunt-lines, ropes fastened to cringles 
on the bottoms of the square sails, to 
draw them up to tlieir yards. 

Buoy, a cask, or block of wood, 
fastened by a rope to an anchor, 
to point out shoals or particular 
spots. 

Burden, in mining or quarrying , the 
mass of poor rock or deposit lying 
above a mass of ore in the lode or of 
slate in a quarry, which must be 
removed before the ore or the slate 
can be obtained. 

Burdon, a pilgrim’s staff. 

Bureau, a chamber or office for the 
transaction of state or business af- 
fairs. 

Burges, the Persian word for Towers, 
evidently the same as the Gothic 
burgh ; a fortified dwelling or en- 
closed town. Gild or yard is in 
Persian a city or fortress, which ap- 
proximates to garth , an enclosure 
in the Gothic : hence garden . But a 
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castle, comprehending towers and 
walls, is in Persian calaa. 

Burgundy pitch, a resin collected 
from the spruce fir. 

Burgus, anciently a number of houses 
protected by a fortress. 

Burgward, anciently the custody or 
keeping of a castle. 

Burgwork, anciently applied to a 
castle or borough. 

Burgy, in mining, is that hind of coal | 
which consists neither of slack nor i 
cobs, but such as remains in the 
sieves after the cobs have been picked 
out and the slack has passed through. 

Burin, an engraver's instrument; a 
graver. 

Burk, in mining, a hard knot or lump 
in the vein. 

Burners, for gas-light. Coal gas has 
now been used for the purposes of 
artificial illumination since lb04, and 
the burners sanctioned by the com- 
panies at the present day are of 
several shapes, as the bat-wing, the 
Argand burner, and the like. 

Carburetted hydrogen of the spe- 
cific gravity *390 (which is about 
the density of gas when it arrives at 
the point where it lias to be burnt) 
requires two volumes of pure oxygen 
for its complete combustion and con- 
version into carbonic acid and water. 
Atmospheric air contains, in its pure 
state, twenty per cent, of oxygen. 

1 cubic foot of carburetted hydrogen 
then requires for its proper combus- 
tion 10 cubic feet of air ; if less be 
admitted on to the flame, a quantity 
of free carbon will escape (from its 
not finding a proper volume of oxy- 
gen for conversion into carbonic 
acid), and be deposited in the form 
of black smoke. When the flame 
from an Argand burner is turned 
up high, the air which rushes through 
the interior ring becomes decomposed 
before it can reach the top of the 
flame, which consequently burns in 
one undivided mass the gas being 
in part unconsumed, the products 
unconverted, and carbon deposited 
abundantly. 

Burning-glass, a glass lens, which, 
being exposed directly to the sun, 
refracts the heat rays which fall upon 
it into a focus sufficiently intense for 
ignition. 

Burning-house, the furnace in which 
tin ores are calcined, to sublime the 
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sulphur and arsenic from the pyrites 
usually mixed with tin : these being 
thus decomposed, the oxide of iron is 
removed by washing. 

Burnisher, a tool used for smoothing 
and polishing a rough surface. A- 
gates, polished steel, ivory, etc., are 
used for burnishers. 

Burnt Carmine is, according to its 
name, the carmine of cochineal par- 
tially charred till it resembles in 
colour the purple of gold, for the uses 
of which in miniature and water 
painting it excels. 

Burnt Paper, a black pigment made 
from paper which has been burnt; 
its recommendation is that it does 
not become darker as some blacks do. 

Burnt Sienna Earth is, as its name 
implies, the Terra di Sienna burnt, 
and is of an orange-russet colour. 

Burnt Terra Verde (Verona Brown), 
a fine warm brown pigment, used by 
the Italians for flesh shadows. 

Burnt Umber, a pigment obtained 
from a fossil substance, which when 
burnt assumes a deeper and more 
rus-et hue : it contains manganese 
and iron, and is very drying in oil, 
in which it is employed as a dryer. 
It is a fine warm brown, and a good 
working strong colour, of great use 
for the hair of the human head, and 
mixes finely with the warm shade. 

Burnt Verdigris is an olive-coloured 
oxide of copper deprived of acid. It 
dries well in oil, and is more durable, 
and in other respects an improved 
and more eligible pigment than in 
its original state. 

Burrock, a small weir or dam, where 
wheels are laid in a river for catching 
fish. 

Burrow, in mining , the heap or heaps 
of attle, deads, or earth (void of ore), 
which are raised out of a mine, and 
commonly lie around the shafts — any 
heap or hillock of deads or waste. 

Burr-pump, a bilge-pump worked by 
a bar of w ood pulled up and down by 
a rope fastened to the middle. 
Burr-stone, properly Bnhr-stone f 
which see, 

Bursa, a bag ; a purse used in the 
middle ages for the purposes of a 
little college or ball for students. 

Bursar, one to whom a stipend is paid 
out of a fund set apart for poor stu- 
dents.* — -The treasurer of a college. 

Bursary, the treasury of a c allege. 
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Burthen, the weight or measure of 
capacity of a ship. Multiply the 
length of the keel, the inner midship 
breadth, and the depth from the 
main deck, to the plank joining the 
keelson together; and the product, 
divided by 94, gives the tonnage or 
burthen. 

Burton, or Barton, a manor ; a 

manor-house. In a ship , a small 

tackle of two single blocks, named 
from the inventor. 

Bush, in machinery , a piece of metal 
fitted into the plummer-block of a 
shaft in which the journal turns. 
The guide of a sliding-rod also bears 

the same name. A circular piece 

of iron or other metal, let into the 
sheaves of such blocks as have iron 
pins, to prevent their wearing. 

Bushel, a dry measure of 8 gallons or 
4 pecks. The Winchester bushel 
contains 2,lb0 cubic inches; the 
Imperial bushel contains 2,218 cubic 
inches. Thirty-three Winchester 
bushels are nearly equal to thirty- 
two Imperial bushels. 

Bush -harrow, an implement used in 
harrowing grass lands. 

Buskin, a high shoe or boot worn an- 
ciently, in tragedy, on the stage. 

Buss, a small sea-vessel used in the 
herring fishery. 

Bust, in sculpt ui e, the head, neck, and 
breast of human figure. 

Bustling, in metallurgy , the term ap- 
plied, at Pontypool and some other 
iron works, to the process of working 
scrap-iron in the charcoal hearth. 
(See Buzzing.) 

Bustum, anciently a tomb. 

But, the end of a plank where it 
unites with another. 

But-hinges, those employed in the 
hanging of doors, shutters, etc. 

Butmen cheeks, the two solid sides 
of a mortise varying in thickness. 

Butments, the supports on which the 
feet of arches stand. 

Butterfly-valve, the double valve of 
an air-pump bucket, consisting of 
two clack-valves, having the joints 
opposite and on each side of the 
pump-rod. 

Butteris, an instrument of steel set in 
a wooden handle, used by farriers for 
paring the hoof of a horse. 

Butternut-wood is of large size, and 
is produced in New Brunswick. The 
propagation of this tree is very easy, 


either from the cuttings or from the 
nut. 

Buttery, a cellar in which butts of 
wine are kept ; a place for provisions. 

Buttock, the round part of a ship 
abaft, from the wing transom to the 
upper water-line, or lower dowu. 

Button, in smithery , a brass kuob 
of a lock serving to open or shut a 

door. In cai pentry , a pieceof wood 

upon a nail, to keep a door close. 

Button-wood tree. (See Plane tree.) 

Buttress, in Gothic architectural 
structures, a pilaster, pier, or ma- 
sonry adued to and standing out from 
the exterior of a wall. Buttresses 
are usually divided into several 
heights, each of which projects less 

from the wall as they ascend. -A 

piece of strong wall that stands on 
the outside of another wall to sup- 
port it. 

Butty, in Staffordsliire, the man who 
contracts to work the coal for the 
owner. 

Buzzing, in metallurgy , the process of 
working scrap-iron on the charcoal 
hearth. The term is uncertain, says 
Dr. Percy. 

* I have applied to Mr. Darbj’ for 
information concerning buzzing^ and 
his reply is, that lie thinks it iswba 
is sometimes called bustling ' — Percy - . 

By, said of a vessel when her head is 
lower in the water than her stem ; if 
her stern is lower in the water, she 
is by the stern. 

Byard, a piece of leather across the 
hi east, used by those who drag the 
sledges in coal-pits. 

Byzantium artificium, mosaic- 

work. 

Byzantine architecture. (Sce^r- 
chitecture .) 
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Cabbling, in miUdlurgy. The process 
in the manufacture of iron, which in 
Gloucestershire is called ‘ scabbling,’ 
or, more correctly, ‘ cabbling,’ may- 
be thus described. When the cast or 
pig iron has been subjected to the in- 
i] ueiice of a refinery, the product is 
called ‘ Finery it is then carried to 
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the forge, and smelted in a furnace 
with charcoal : in a short time, a 
large ball, about 2§ cwt., is formed 
by working with an iron bar ; this 
ball is then taken to a large hammer, 
and beaten into a flat oval or oblong 
shape, from 2 to 4 inches in thick- 
ness : this is allowed to cool, when 
* cabbling * commences, which is 
simply breaking up this flat iron 
into small pieces. Men are especially 
allocated for this operation, and are 
named * cabblera.’ The pieces of 
iron obtained by cabbling are then 
heated in another furnace almost to 
fusion, hammered down into shape, 
and ultimately drawn out into bar- 
iron. 

Cabbage-wood. (See Partridge- 
wood '.) 

Cabin, a room or apartment in a ship 
where any -of the officers usually re- 
side, and also used in passenger 
vessels for the residence of passengers. 

Cabinet pictures, usually denomi- 
nated so — are small valuable paint- 
ings from the old masters, painted on 
copper, panel, or canvas. Modern 
subjects, if painted small in size, 
should equally be called Cabinet. 

Cabinets, in Tudor times, were of 
massive proportions, carved iu oak, 
sbony, walnut, and other woods, 
fnlaid. Some of them answered the 
double purpose of depositories and 
cupboards for plate, from having 
drawers and recesses, or ambries, 
enclosed by doors ; and broad shelves 
between the tiers of turned columas 
were conspicuous objects iu these 
apartments. 

Cable, a thick stout rope, made of 
hemp, or of wire ropes twisted to- 
gether or strong iron chains, to keep 
a ship at anchor. 

Cable-moulding, a bead or torus 
moulding, cut in imitation of the 
twisting of a rope, much used in the 
later period of the Norman style. 

Cabling, a round moulding, frequently 
used in the flutes of columns, pilas- 
ters, etc. 

Cabotage, skill in distinguishing the 
proper places to anchor at. 

Cadmia, anciently a stone, used in 
m iking brass. 

Cadmium, a white metal, somewhat 
resembling tin. It was discovered 
by Stromeyer in 1817 in carbonate 
of zinc. It fuses and volatilises at a 
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temperature a little below that at 
which tin melts. Its specific gravity 
is 9 ; its equivalent number 56 ; its 
texture is compact, its fracture 
hackly, and it is susceptible of polish. 
It is ductile and malleable, and when 
fused crystallises in octahedrons. 

Cadmium -yellow, a pigment made 
from sulphuret of cadmium ; it has 
much body and is of an intense 
yellow colour ; its colour is perma- 
nent, which renders it valuable to the 
artist. 

Caduceus, an emblem or attribute of 
Mercury : a rod entwined by two 
winged serpents. 

Cselatura (Greek), a branch of the 
fine arts, under which all sorts of or- 
namental work in metal, except ac- 
tual statues, appear to be included. 

Csementicus, built of unhewn stones ; 
large irregular masses laid together 
without mortar, having the inter- 
stices filled in with small cbippings. 

Caesium, one of the new metals, dis- 
covered by means of spectrum analy- 
sis, by Bunsen and Kirchoflf. It is 
not yet applied to any practical 
purpose. 

Caen stone, a peculiar quality of 
stone largely quarried at Caen in 
Normandy used for building pur- 
poses, principally for Gothic struc- 
tures. 

Cagework, the uppermost carved 
work of the hull of a ship. 

Cairn, a conical heap of stones fre- 
quently found on the tops of hills 
in this country, supposed to have 
been erected by the ancient inhabi- 
tants as memorials, or for sacrificial 
purposes, and some are undoubtedly 
placed over graves. 

Caisson, a wooden frame or box with 
a flat bottom, made of strong timbers 
firmly connected together; used for 
laying the foundations of a bridge in 
situations where the coffer-dam can- 
not be adopted. A name given to 

the sunk panels of various geometri- 
cal forms symmetrically disposed in 
flat or vaulted ceilings, or in soffits 
generally. 

Cajeput oil, an oil obtained from the 
leaves of the Cajeput tree. 

Cal, in Cornish mining signifying 
iron, sometimes applied to Wolfram 
and Gossan found on the backs of 
lode. 

Calabar skin, the 6kin of the Siberian 
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squirrel used for making muffs, scented ; it might be called green 
tippets, etc. sandal wood, being of an olive-green 

Calabasb.es, gourds, the skins of colour. (See Aloes-wood.) 

which are used to hold resins, etc. Calemberri. (See Coromandel .) 
Calamander, a wood obtained from Calender, a mechanical engine foi 
the Diaspyros JSIirsuta. (See Coro - dressing and finishing cloths. 

mandel.) Calender, To, to smooth and glaze 

Calambac, the finest aloe-wood. (See any textile fabric by rubbing it with 
Calembeg.) a smooth ball of glass or any hard 

Calcar, a small oven or reverberatory porphyritic stone. The instrument 

furnace, in which the first calcina- used is called a calender, 

tion of sand and potashes is made for Calends, in Roman antiquity, the 
turning them into frit, from which first day of every month, 
glass is ultimately made. Calico, a cloth made from cotton-wool. 

Calcareous earth, an earth in which the origin of the name is from 

lime is in excess. It is usually de- Calicut, in India. In England all 

rived from the decomposition of lime- w lute or unprinted cotton cloths are 
fctone, marl, gypsum, etc. called calicoes. In the United States 

Calcatorium, among the Romans, a those only w Inch are printed are so 
raised platform of masonry in the called. 

cellar attached to a vineyard. Calico-printing, the art of applying 

Calcination, the process of subjecting coloured patterns on a w hite or 

a body to the action of lire, to drive coloured ground of linen or cotton, 

off the volatile parts, whereby it is Calidnets, pipes or canals disposed 
reduced to a condition that it may along the w alls of houses and apart- 
be converted into a powder: thus ments ; used by the ancients for con- 

marble is converted into lime by veying heat to several remote parts 

driving off’ the carbonic acid and of the house, 
water; and gypsum, alum, borax, Caligraphy, fair or good writing, 
and other saline bodies are said to Calk, a Cornish term for lime, 
be calcined when they are deprived Calliber, diameter of the bore of a 
of their water of crystallisation by cylinder. 

heat. Cailipers, a species of compasses with 

Calcium, the metallic basis of lime. legs of a ciicular form, used to take 

Calcography, writing, engraving the thickness or diameter of work, 

etc. either ciicular or flat; used also to 

Calculating machines are of early take the interior size of holes. In 

invention ; but the late Mr. Babbage turning , compasses with each of the 

very nearly completed a calculating legs bent into the form of a curve, so 

machine surpassing all previous ones; that when shut the points are united; 

the machine accomplishes the ad- and the curves, being equal and oppo- 

ditions of numbers by the movements site, enclose a space. The use of the 

of a number of cylinders having on callipers is to try the work in the 

the convex surface of each the series act of turning, in order to ascertain 

of numbers 12345G7890; and the diameter or the diameters of the 

the operations are of two kinds : by various parts. As the points stand 

the first the additions are made, and nearer together at the greatest re- 

by the second there is introduced the quired diameter than the parts of 

1, which should be carried to the the legs above the callipers are well 

ten’s place every time that the sum adapted to the use intended, 

of the two numbers is greater than Callooe Hemp or Rhea, a fibre 
10, etc. obtained from one of the oriental 

Caldarium, the hot bath. The vase nettles, used in manufacture of 

which supplied the hot bath was cordage, 

likewise so termed. According to Callys (Cornish), hard, smart; formerly 
Vitruvius, the thermal chamber in applied to the most common stratum 
a set of baths. of the mineral districts of the west 

Calembeg. It is sometimes called of England, now usually called kilias. 

Aloes-wood and is similar to sandal- (See Kilias.) 

wood in grain, and is also slightly Calorie, under a theory, now nearly 
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abandoned, the name for the matter 
and cause of heat. 

Caloric engine, an engine the mo- 
tire power of which is heated air. 

Caloric (Ericsson’s) ship. A ship 
which was supposed to be moved 
by heat without loss. The following 
is preserved from the last edition, as 
showing the expectations of many 
persons : — * This ship has under- 
gone a great experiment in naviga- 
tion. Caloric was something never 
fully appreciated until now, and the 
credit is due to Captain Ericsson of 
directing attention to an old agent of 
which new applications may produce 
the most remarkable results. The 
experiments made were the result of 
a quarter of a century of mature 
reflection and diligent inquiry. The 
ingenious projector under " whose 
auspices the caloric ship with its re- 
generators was carried out has de- 
voted his best energies to the task, 
and its failure was not due to any 
want of forecast, judgment, or ability. 
The principle involved was a correct 
one, the mechanical appliances alone 
appear to have been at fault. The 
regenerative principle is receiving 
some very excellent applications, and 
the day is not perhaps far distant 
when a true caloric engine will be 
constructed.’ 

Calorific, in physics, the power of pro- 
ducing heat. 

Calorimeter, an instrument to mea- 
sure the heat given out by a body in 
cooling, by the quantity of ice it 
melts. 

Calotte, a round cavity or depressure 
in form of a cap or cup. 

Calotype, a name given by Mr. Fox 
Talbot, the discoverer, to the photo- 
genic drawings produced by the ac- 
tion of light on certain salts of silver. 
Taper was coated with the iodide of 
silver ; this was rendered excessively 
sensitive by being wa>hcd with a 
mixture of nitrate of silver and 
gallic acid, before it was placed in 
the camera-obscura. After a brief 
exposure the picture w r as developed 
by anot her wash of gallic acid. (See 
Photography.') 

Calquing, the process of copying or 
transferring a drawing. It is ef- 
fected by rubbi ng over the back of 
the original w r ith a fine powder of 
red ch.dk or black lead ; the smeared 


side is then laid on a sheet of paper, 
and the lines of the drawing are 
traced by a blunt-pointed needle, 
which imprints them on the paper 
underneath. Another method is to 
hold the drawing up to a window 
with a sheet of paper before it j the 
outlines will appear through, and 
may be penciled off without damage 
to the original. 

Calyon, flint or pebble stone, used in 
building w'alls, etc. 

Cam, in steam machinery , a plate with 
curved sides, triangular or otherwise, 
fixed upon a revolving shaft, for 
changing the uniform rotatory mo- 
tion into an irregular rectilinear 
motion. It is sometimes used for 
moving the slide valves. 

Camaieu, a term used in painting 
when there is only one colour, the 
light and shades being of gold, or on 
a golden and azure ground. It is 
chiefly used to represent basso- 
rilievo. 

Camber, the convexitv of a beam upon 
the upper surface, in order that it 
may not become concave by its own 
weight, or by the binder it may have 
to sustain, in the course of time. 

Camber-beams are those used in the 
flats of truncated roofs, and raised in 
the middle with an obtuse angle, for 
discharging the rain-water towards 
both sides of the roof. 

Camber-slip, a piece of wood, gene- 
rally about half an inch thick, with 
at least one curved edge rising about 
1 inch in 6 feet, for drawing the 
sollit-lines of straight arches: when 
the other edge is curved, it rises 
only to about one-half of the other f 
viz. about half an inch in 6 feet, for 
the purpose of drawing the upper 
side of the arch so as to prevent it 
from becoming hollow by the settling 
of the bricks. The upper edge of the 
arch is not always cambered, some 
persons preferring it to be straight. 
The bricklayer is always provided 
with a camber-slip, which, being 
sufficiently long, answers to many 
diflerent widths of openings: when 
he has done drawing his arch, he 
gives the camber-slip to the carpen- 
ter, in order to form the centre to the 
required curve of the soffit. 

Cambering, a sea phrase, used when 
a deck is higher in the middle than 
at the end*. 
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Cambric, a species of very fine linen, 
first made at Cam bray. 

Camel, The, a machine used in Hol- 
land for raising ships by the buoyant 
power of water. It consists of two 
hollow vessels which are attached to 
the ship to be raised ; the camel is 
about half filled with water, and 
then, the water being pumped out, 
the buoyancy of the hollow vessels 
lifts the ship. It is used by the 
Dutch for carrying vessels heavily 
laden over the sand-banks in the 
w Zuydcr Zee. 

4 Camels’ hair, the hair of the camel, 
J used in this country for the in.mu- 
] facture of fine pencils for painting. 
1 In the East it is made into cloth, etc. 

£lameo, a turn applied to gems sculp- 
: lured in relief. 

Camera (Greek), an arched or vaulted 
roof, covering, or ceiling, formed by 
circular bands or beams of wood, 
over the intervals of which a coating 
of lath and plaster was spread : they 
resembled, in their construction, the 
hooped awnings now commonly in 
use. — A private room. 

Camera lucida, an instrument in- 
vented by Dr. Wollaston to facilitate 
the perspective delineation of objects. 
It is usually in the form of a glass 
prism. The image of the object to 
be copied is received upon one of the 
sides of the prism, and then reflected 
upon a plane white surface, upon 
■which, the eye looking down through 
the prism, the outline is traced with 
a black lead pencil by the hand. 

- Camera obscura (the dark cham- 
ber), the invention of Baptista Porta, 
about 1560. E-sentially the instru- 
ment consists of a dark box, or cham- 
ber, with a small opening at one end. 
Any highly illuminated image out- 
side the box is seen in an inverted 
position at the end of the box, or 
chamber, opposite the hole. If a 
lens is placed in the hole the image 
is diminished in size, but increased 
in brilliancy of colour and perfection 
of detail. This instrument is now 
much used for taking portraits 
copying landscapes and the like 
from nature, by the aid of photo- 
graphy. For this purpose len a es of 
the most perfect description are re- 
quired, so as to secure a correct 
image on a fiat field : the bending of 
the rays due to the spherical form of 


the lens must be corrected, and the 
decomposition of the rays of light by 
the prismatic nature of the lenses 
must be modified — the lens, in fact, 
must be achromatic. (See Hunt’s 
Photography , Researches on Light , 
etc.') 

Camerated, a term, applied to the 
roof of a church. 

Carnes, the slender rods of metal used 
by glaziers, as turned lead ; they 
are usually cast in lengths which 
measure 12 or 14 inches. 

Caminus, according to Pliny, a smelt- 
ing furnace. 

Camlet or Camblet, a plain stuff, 
made of goats’ hair, sometimes mixed 
with silk and with linen. 

Campanse or Campanula or Guttse, 
the drops of the Doric architrave. 

Campanile, from the Italian, a bell- 
tower, principally used for church 
purposes, but now sometimes for 
domestic edifices. 

Campanini, a species of marble taken 
out of the mountain of Carrara, in 
Tuscany ; so called because the 
sound emitted, when struck, is like 
that of a bell. 

Campanologia, the art or science of 
ringing of bells. 

C amp e achy Logwood. (See Log- 
wood.) 

Camphine, pure oil of turpentine, 
u-ed for burning in lamp3. 

Camphor, a concrete essential oil, 
obtained by boiling the leaves and 
wood of the camphor laurel. 

Camphor-wood is imported from 
China and the Indies in logs and 
planks of large size, and used in 
England for cabinet-work and tur- 
nery. 

Campus Martius, a district outside 
the walls of ancient Rome, between 
the Quirinal and Pincian Mounts 
and the Tiber, dedicated to Mars: 
there public exercises were per- 
formed, and the consuls and other 
magistrates elected : it was adorned 
with statues, columns, arches, etc., 
arul much frequented by the citizens. 

Cams, properly formed revolving 
plates by which a reciprocating mo- 
tion can be given to bars or levers, 
varying at the will of the mechanic. 

Cam-wood, the best and hardest of 
the red dye-woods : it is brought 
from Africa, and used in ornamental 
and eccentric turnery. 
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Can, a term used in Scotland for a 
chimney-pot. 

Canabus, a wooden skeleton covered 
with some soft substance such as 
clay, used by painters and artists 
for modelling and also as anatomical 
studies. 

Canal of the larmier, in architecture , 
the hollowed plafond or soffit of a cor- 
nice which makes the pendent raou- 
chette. Canal of the volute, in the 
Ionic capital, is the face of the cir- 
cumvolutions enclosed by a listel. 

Canal Navigation, river and inland 
navigation, or internal communica- 
tion by water. The Caerdike, form- 
ing a communication between the 
rivers Nene near Peterborough and 
the Witham three miles below Lin- 
coln, was constructed by the Romans. 
The French constructed the canal of 
Languedoc in 1661. In Russia, 
canals were constructed for no less a 
distance than 4,472 miles in the 
reign of the Czar Peter. The more 
remarkable points connected with 
the English canals are as follows : — 
The Sankev Brook Canal connects 
the St. Helens’ Coal-field with the 
Mersey; was constructed in 1755. 
In 1759 the Duke of Bridgewater ob- 
tained his first Act of Parliament, 
and James Brindley commenced the 
celebrated Bridgewater Canal. The 
next work was a system of canals to 
connect the ports" of Bristol, Hull, 
and Liverpool. Brindley made the 
canal from Droitwich to the Severn. 
A short time before his death he be- 
gan the canal from Oxfordshire to 
London ; his last canal being from 
Chesterfield to the river Trent, which 
his brother-in-law finished in 1777. 
The Grand Trunk Canal, connecting 
the Trent ami Mersey, was completed 
in 1777, and the Grand Junction 
Canal was begun in 1792. After 
this canals were rapidly constructed 
in all parts of the kingdom — and 
they continued to be formed — for the 
conveyance of heavy traffic, until 
the extension of railways offered 
greater advantages. Canals in 
France for * grande navigation ’ are 
made 33 feet 4 inches wide upon the , 
floor-line, and 49 feet 6 Inches upon 
the water-line, by 5 feet 5 inches 
depth of water. The locks are 106 
feet 8 inches long by about 17 feet 
wide ; the towing-paths 13 feet wide. 


Canals for ‘petite navigation’ are 
made only 33 feet 4 inches wide 
upon the water-line, and 22 feet on 
the floor, with a depth of water ot 
5 feet. The locks are 100 feet long 
by 9 feet 1 inch wide. Some of the 
French canals for steam navigation 
liave locks from 2G to 40 feet wide, 
and of lengths between 150 and 233 
feet in clear of gates. — In England, 
no veiy definite rule appears to be 
followed in fixing the dimensions of 
canals. Those executed for the 
internal important lines vary from 
31 to 48 feet upon the water-line, 
with an average depth of about 5 
feet. The locks are generally 70 feet 
in length by 14 feet G inches to 18 
feet wide. * Small canals, in the 
mining districts, have in some cases 
been executed with a width of not 
more than 16 feet on the water-line, 
and they range from that to 28 feet. 
The locks are made of the same 
length as for large canals, but of 
only half the width. Ship-canals 
have been made of much larger di- 
mensions, such as the Caledonian 
Canal, which has in part 122 feet 
upon the water-line, with a depth 
of 20 feet. The Gloucester and 
Berkeley Canal has a water-line of 
70 feet and a depth of 18 feet. The 
Thames and Medway had a width of 
50 feet by a depth of 7 feet ; the 
Ulver.stone, 65 feet by 15 feet : the 
locks being in proportion to the size 
of the canals. The introduction of 
railway s stopped the progress of the 
construction of canals. 

Canalis, in Latin, a water-pipe or 
gutter ; used in architecture for any 
channel, such as the flutings of 
columns ; the channel between the 
volutes of an Ionic column 

Canary wood, from South America, 
is a sound, light, orange-coloured 
wood, used f<>r cabinet-work, mus- 
ketry, and turnery. 

Cancelli, among the Romans, iron 
gratings and trellis-work ; in mo- 
dern buildings, latticed windows 
made with cross-bars of wood, iron, 
lead, etc. 

Cand or Kand, a term applied to 
Fluor-spar. 

Candela, a candle, made either of 
wax or tallow; used generally by 
the Romans before the invention of 
lamps. 
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Candelabrum, originally a candle- 
stick, but afterwards used to sup- 
port lamps. 

[ Candlemas, the popular name for the 
feast of the Purification of the 
Virgin Mary, February 2, derived 
from the lights which were then 
distributed and carried about in 
procession. 

|Candle-match, in mining , a match 
made of the wick of a candle — ov 
a piece of greased paper— formerly 
used for blasting. 

fCandlestiek of gold (The) was 
made by Moses for the service of the 
Temple, and consisted wholly of 
pure gold ; it had seven branches, 
upon the extremities of which were 
seven gold lamps, which weie 
fed with pure olive oil, and lighted 
every evening by the priest on 

I duty: it was used in the holy place, 
and served to illumine the altar of 
- incense and the table of shew bread, 
j which stood in the same chamber. 
TCan die sticks. The magnificence of 
these articles was at first displayed 
in chapels and in domestic apart- 
ments, as banquets in early times 
were given bv daylight. We find 
them, however, of very costly de- 
scriptions. In Henry the Eighth's 
temporary banqueting - room, at 
i. Greenwich, the ‘ candlestykes were 
of antvke worke, which bare little 
- torchetts of white waxe: these 
candlestykes were polished ]yke 
’ ambre.’ 

Canes, the produce of various species 
of the genus Calamus. There are 
Hat tan canes and 11a mho o canes, 
with many others. 

Zbmgica-wood, from South America, 
is of a light and yellow-biown 
colour, used for cabinet-work and 
turnery.' 

Can-books, strings with hat hooks at 
each end, used for hoistiDg barrels 
or light casks. 


< Cannabic composition, a composi- 
tion of Italian origin, having a basis 
of hemp, mixed with resinous and 
felting substances, used for panels 
frames, and tli,e like. 

Cannel Coal, a fossil coal resem- 
j bling jet in appearance, and suffi- 
i ciently hard and solid to be polished, 
j It is found in scams amongst ordi- 
l nary coal. It is more brittle than jet 
I and less brilliant, but more durable. 


Large quantities are produced near 
Wigan and in Scotland, and some in 
North Wales. 

Canon, a rule in art based on sure 
principles ; in music , a perpetual 
fugue ; in printing , a very large 
type. 

Canopy, a covering or hood, the en- 
riched projecting head to a niche 
or tabernacle. The table or drip- 
stone, whether straight or circular, 
over the heads of doors or windows, 
if enriched, is so called. In Gothic 
architecture, an ornamental projec- 
tion over doors, windows, etc.; a 
covering over niches, tombs, etc. 

Cant, a term used among carpenters 
to express the cutting off the angle 
of a square. 

Canted, applied to a pillar or turret 
when the plan is of a polygonal form. 

Canterii, beams of wood iu the frame- 
work of a roof, extending from the 
ridge to the eaves, corresponding to 
the rafters of a modern roof. The 
word canterii was also applied to 
two inclining reeds fixed in the 
ground some distance asunder and 
meeting at the top, for the support 
of vines. 

Cantharus, a fountain or cistern in 
the atrium or court-yard before 
ancient churches, at which persons 
washed before they entered the 
sacred buildings. 

Can.th.us, in Greek and Latin, the 
tire of a wheel ; a hoop of iron or 
bronze fastened on to the felloe, to 
preserve the wood from abrasion. 

Cantilevers arc horizontal rows of 
timbers, projecting at right angles 
from the naked part of a wall, for 
sustaining the caves or other mould- 
ings. 

Cantling, the lower of two courses 
of burnt bricks, which arc placed 
on the top of a clamp before tire is 
applied. 

Cant -moulding, a bevelled surface, 
neither perpendicular to the horizon 
nor to the vertical suiface to which 
it may be attached. 

Cantoned, in architecture , is when 
the corner of a building is adorned 
with a pilaster, an angular column, 
rustic quoins, or anything that 
projects beyond the wall. 

Cant-pieces, in ships t pieces of timber 
to supply any part that may prove 
rotten. 
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Cant-timbers, in ship-building , those 
timbers or ribs of the ship which are 
situated afore or abaft, or at the two 
ends, where the ship grows narrower 
below. 

Cant-timber abaft, the chock upon 
which the spanker-boom rests when 
the sail is not set. 

Cantuar. The signature of the Arch- 
bishop of Canterbury is thus ab- 
breviated, the Christian name being 
usually prefixed. 

Canvas, the cloth of which the sails 
of ships are made. Also the material 
used by artists for painting upon in 
oils. 

Caoutchouc, gum-elastic or India- 
rubber, a sub-stance produced by the 
siphon in elastica , the ficus elastica, 
and the urceola elastica , and many 
other American and Asiatic tree*. It 
is often termed India-rubber, from 
its use in removing by rubbing pencil 
traces from paper. There are various 
chemical properties which render 
caoutchouc valuable in the arts, but 
elasticity and imperviousness to water 
are those for which it is most prized. 
It is worked into a great variety of 
useful things for dress and for do- 
mestic purposes. India-rubber under- 
goes some remarkable changes by 
being treated with sulphur. In one 
condition it is rendered infinitely 
more elastic, and in another it is 
converted into a very hard substance 
like black oak, which is known as 
vulcanite. (See Vulcanite.') 

Cap, a thick, strong block of wood, 
with two holes through it, one 
square and the other round, used m 
ship-building to confine together the 
head of a mast and the lower part of 
that next above it. 

Capacity, the same in sense as content 
or volume in pure mathematics. In 
physics it generally signifies the 
power of holding or retaining: thus 
wc speak of the capacity of a body 
for heat, etc. 

Capel, in mining, a stone composed of 
quartz, schorl, and hornblende, usu- 
ally occurring in one or both walls 
of a lode, and more frequently ac- 
companying tin than copper ore*’. 

Capillary attraction and repul- 
sion. These names have been given 
to the properties of matter which 
cause the ascent above or descent 
below the level of the surrounding i 
86 1 


fluid which takes place when a tube 
of small diameter is dipped into 
water, mercury, etc. 

Capital, in architecture , the head or 
uppermost part of a column or pi- 
laster. The capitals of the columns 
constitute the principal and most 
obvious in did a 1 mark of the re- 
spective orders. For those of each 
of the three classes or orders a cer- 
tain character conformable with the 
re*t of the order is to be observed ; 
but that attended to, further re- 
striction is unnecessary. Between 
several examples, all decidedly re- 
ferable to one and the same order, 
veiy great special differences occur, 
and there might easily be a very- 
great many more. Although the 
capital itself is indispensable, it is 
so only aesthetically, and not out of 
positive necessity. The necessity is 
only artistic : decoration of the kind 
there must be, but the express 
mode of it is one of those matters 
which should be left to design, to 
which it properly belongs. Capitals 
are just as legitimate subjects for 
the exercise of taste and invention 
a* anything else in decorative de- 
sign. The capital is only an orna- 
mental head to the column, and 
therefore admits of being as freely 
designed as any other piece of orna- 
ments, on the conditions of its being 
accordant in character with the 
rest of the order, and of forming an 
agreeable transition from the shaft 
of the column to the architrave. 

Capitolium, a temple or citadel at 
Rome, on the Tarpeian rock: it was 
finished by Tarquinius Superbus, 
and consecrated by the consul M. 
Iloratius, — was burnt in the time 
of Marius, and rebuilt by Sylla, — 
destroyed a second and a third time 
in the troubles under Yitellius and 
Vespasian, and la*tly raised again 
by Domitian. Its name was derived 
from the d Leo very of the head of 
Tolius, during the excavation of the 
‘earth for the foundation. Q. Catulus 
consecrated it to Jupiter Capitolinus, 
and covered it with gilded brass tiles. 
The steep a&cent of the rock was 
mounted by 100 steps on. the side of 
the forum. 

Cappagh Brown, called also LW/i- 
rome Mata al or Manganese Brown : 
it takes its name from Cappagh in 
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1 ! Ireland. It is a bituminous earth 
which yields pigments of various rich 
brown colours. 

Capreoli, the pieces of timber on a 
roof which serve to uphold the axes 
or principals. A fork inclined so as 
> to afford support to anything was 
formerly called a Capreolus . 

Japsa or Capsula, a box for holding 
. books among the Romans j these 
* boxes were usually made of beech 
wood, and were cylindrical in form. 
m Jap st an, in naval architecture , a 
] strong massive piece of timber let 
| down through the decks of a ship, and 
resting its foot or axis, which is shod 
tjg with iron, in an iron socket, called a 
saucer, fixed on a wooden block or 
standard, called the step, resting on 
'if the beams. - 

Captain, in mining, an experienced j 
miner; one who directs and oversees 
the workmen and business of a mine. 
Japut-mortuum, the last remains ; 

the residuary matter after distillation 
; or sublimation. 

’Jaracol, a term sometimes used for a 
i staircase in a helix or spiral form. 
JDaradoc sandstone, the uppermost 
$ of the two great divisions of the 
,*« lower Silurian strata of Murchison, I 
seen principally in Shropshire, 
Worcestershire, "Somersetshire, etc., 1 
i/rf and on the eastern borders of Wales, 
j'jjparamel. Burnt sugar, usually dis- 
solved in lime water, and sold under , 
the name of colouring. 

Jarat, an imaginary weight, consist- 
ing of four nominal grains, or a little 
less than four grains troy. It requires i 
74 carat grains and y? to equipoise 
72 grains troy. Used for weighing 
gold. The fineness of gold is ex- 
pressed in carats. Gold is, when 
pure, regarded as being 24 parts ; if 
the gold is of 22 parts pure metal, , 
it is said to be 22 carats fine. 
Caravanserai, a building in the East, . 
expressed in our version of the Scrip- i 
ture by the term Inn ; in Turkey 
it is understood to be a place of 
accommodation for strangers and 
travellers. 

Carbolic Acid. The less volatile 
portion of the fluids produced by the 
distillation, of coal tar contains this 
substance in considerable quantities. 
Commercial carbolic acid is usually 
yeiy impure; when pure and dry it 
is quite solid and colourless. It is 


much used as a deodoriser and & 
disinfectant. It is probably both, 
but great mistakes are often made 
by supposing that because matter 
has been deprived of smell that it 
is therefore inert. 

Carbon, a non-metallie elementary 
solid body, which is widely (lift used 
throughout nature. The purest and 
at the same time the rarest form ia 
which it occurs is that of the dia- 
mond ; the more common states in 
which it is met with, are those of 
anthracite, graphite, and coal : an- 
other form is that of charcoal. 

Carbon, Bisulphide of, formerly 
called Carburet of Sulphur and Sul- 
phuret of Cat bon , and by the old 
chemists Alcohol of Sulphur. It is 
prepared by distilling iron pyrites 
with charcoal. It is added to the 
silver solution in the process of elec- 
tro-plating to produce a brilliant 
deposit of the silver. 

Carbona, in mining , a bed of rich ore. 

Carbonate, a salt composed of car- 
bonic acid and a base. The chief 
varieties are described under their 
alkaline, earthy, and metallic bases. 

Carbonate of Lead ( White Lead). 
Carbonic acid and the protoxide of 
lead in combining form a white in- 
soluble carbonate of lead. It is a 
valuable pigment to the artist, dry- 
ing well in either oil or water. 

Carbonic Acid Gas, a compound of 
one atom of carbon and two of 
oxygen. 

Carbuncle, a stone of the garnet kind, 
of a very rich, glowing, blood-red 
colour. 

Carburet or Carbide, a compound of 
carbon with nitrogen, metals, etc. 

Carcase (The) of a building is the 
naked walls and the rough timber- 
wood of the flooring and quarter 
partitions, before the building is 
pla>tered or the floors laid. 

Car case -roofing, that which sup- 
ports the covering by a grated frame 
of timber-work. 

Career, a prison or gaol. The Roman 
prisons were divided into three 
stories, one above the other, each of 
which was appropriated to distinct 
purposes. 

Card, an instrument or comb for 
arranging or sorting hair, wool, or 
cotton. For carding cotton, hemp, 
silk, or wool. 
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Card-compass, tlie card upon which 
are marked the directions E. W. N. 
and S., and the intermediate points 
of direction. This is maintained by 
the magnetic needle with its N. point 
directing to the pole, and thus the 
direction of any moving body is in- 
dicated. 

Carded, long wool separated by the 
carding machine. 

Card-making machine, an in- 
genious machine for making cards. 

Car do, a pivot and socket, an appara- 
tus b}' means of which the doors of 
the ancients were fixed in their places, 
and made to revolve in opening and 
shutting. 

Careening, the operation of heaving 
a ship down on one side by the 
application of a strong purchase to 
her masts, which are properly sup- 
ported for the occasion to prevent 
their breaking with so great a strain, 
and by which means, one side of the 
bottom being elevated above the 
surface of the water, it may be 
cleansed or repaired. 

Carina, according to Cicero, the keel 
or lowest piece of timber in the 
framework of a ship. 

Carlings, short piece of timber ranging 
fore and aft from one deck-beam to 
another, into which their ends are 
mortised: they are used to sustain 
and fortify the smaller beams of the 
ship. 

Carlisle Tables, so called from the 
mode of making calculations of the 
value of annuities on lives, ba^cd on 
the average duration of human life, 
as taken in Carlisle, in Cumberland. 
These have, however, now given 
place to the much more valuable 
tables of the census, by which the 
averages are calculated over a much 
wider area, and consequently the 
results are far more reliable. 

Carlovingian Architecture. 
French authors establish two epochs 
of art, under the terms Merovingian 
(from Clovis to Pepin, 481-751) and 
Carlovingian (from Pepin to Hugh 
Capet, 751-987). 

Carmel, a substance used by confec- 
tioners for covering sweetmeats, 
sometimes confounded with caramel. 

Carmine (colour), a name originally 
given only to fine specimens of the 
colouring matter of kermes and 
cochineal, often loosely used for any 
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pigment which resembles them in 
beauty and richness of colour, though 
the term is principally confined to 
the crimson and scarlet colours pro- 
duced from cochineal by the agency 
of tin. 

Carmine blue, precipitated indigo. 

Carn, a rock ; a heap of rocks ; a high 
rock. 

Carnagioni (of the Italians), a colour 
which ilifters from terra puzzuoli in 
its hue ; in which respect, other 
variations and denominations are 
pioduced by dressing and com- 
pounding. 

Carnelian. This is a variety of chal- 
cedony of a deep red or white colour; 
it is rather hard and capable of re- 
ceiving a good polish. 

Carob beans or locust beans. The 
pods of the carob tree, called St. 
John’s Bread. Used occasionally as 
a food for cattle. 

Carol, a small closet or enclosure to sit 
and read in. 

Carpenter’s square : the stock and 
blade are formed, in one piece, the 
plate-iron, and the instrument is thus 
constructed : — one leg is 18 inches in 
length, numbered from the exterior 
anule; the bottoms of the figures are 
adjacent to the interior edge of the 
square, and consequently their tops 
to the exterior edge : the other leg is 
12 inches in length, and numbered 
from the extieraity towards the angle: 
the figures are read from the internal 
angle, as in the other side ; and each 
of the legs is about an inch broad. 
It is not only used as a square, but 
also as a level, and as a rule : its ap- 
plication as a square and as a rule is 
so easy as not to require any example; 
but its use as a level, in taking 
angles, may be thus illustrated : sup- 
pose it were required to take the 
angle which the heel of a rafter 
makes with the back, — apply the 
end of the short log of the square to 
the heel-point of the rafter, and the 
edge of the square level across the 
plate ; extend a line from the ridge 
to the heel-point, and where this line 
cuts the perpendicular leg of the 
Square, mark the inches; this will 
show how far it deviates from the 
square in 12 inches. 

Carpenter’s tools : the principal 
tools used in the rougher operations 
of carpentry are the axe, the adze,, 
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the chisel, the saw, the mortise and 
tenon-gauge, the square, the plumb- 
rule, the level, the auger, the crow, 
and the draw-bore-pin, or hook-pin, 
for draw-boring. 

Carpentry is the art of combining 
pieces of timber for the support of 
any considerable weight or pressure. 

The theory of carpentry is founded 
on two distinct branches of mechani- 
cal science : the one informs us how 
strains are propagated through a 
system of framing ; the other, how 
to proportion the resistance of its 
parts, so that all may be sufficiently 
strong to resist the strains to which 
they are exposed. The one deter- 
mines the stability of position, the 
other the stability of resistance. 
Each of these may be considered in 
the most simple manner the subject 
admits of, with the addition of rules 
and practical remarks. 

Timber is wrought into various 
forms according to the principles 
of geometry ; and these forms are 
to be preserved in their original 
shape only by adjusting the stress 
and strain according to the laws of 
mechanics. Hence the importance 
of studying both these sciences 
; is evident, and particularly the 
: latter; for unless the stress and 
! strain be accurately adjusted, the 
most careful attention to geometri- 
cal rules, and the most skill ul work- 
manship, will be exerted in vain. 
If, for instance, the centre of an 
arch -were to be drawn and worked 
ever so truly to the curve required, 
what would it avail if the centre 
changed its form with every course 
of stone laid upon it? And it must 
be remarked, that this is not an 
imaginary case, but one that has 
frequently happened ; and not only 
to men ignorant of mechanics, but 
to some of the most celebrated 
engineers that France over pro- 
duced. 

The engineers of our own country 
have been more successful, having 
succeeded in gradually introducing 
a better principle of constructing 
centres than our neighbours. The 
greatest defect of the English centres 
is now an excess of strength, which, 
on principles of economy, it would 
be desirable to avoid in erections for 
temporary purposes. 


Carpmeals, a coarse cloth which 
used to be manufactured in the north 
of England. 

Carrageen, Irish moss (Chondrus 
crispus) : the mucilaginous extract 
is much used. 

Carrara marble, a species of white 
marble : it is distinguished from 
the Parian or statuary marble by 
being harder and less bright. It 
takes its name from Carrara, in 
Italy. 

Carrel, a pew, closet, or desk, with a 
seat placed under a window, where 
the monks were engaged in copying 
writings. 

Carriage of a stair, the timber which 
supports tlic steps. 

Garrick -bend, a kind of knot. Car- 
rick-bitts are the windlass-bitts. 

Carrier, the piece of iron which is 
fixed by a set-screw on the end of 
a shaft or spindle to be turned in 
a lathe, to carry it round by the 
action of the driver of the centre 
chuck. 

Carry away, a sea-term , to break a 
spar or part a rope. 

Carrying-gate, in mining. In Derby- 
shire, the chief passage or road in a 
mine. 

Carthamus. Safflower, a dye drug ; 
it contains two colouring matters., 
one yellow, the other red. 

Carthusian buildings. Charter- 
house. The characteristic features 
of these buildings are austere, and to 
the Benedictine rule. The monas- 
teries of this order had generally 
two courts : the smaller, next the 
entrance, contained the priorial resi- 
dence and the buildings allotted to 
secular purposes. 

Carton-pierre, a preparation of 
paper rendered incombustible for 
rooting. 

Cartoon, a distemper-coloured draw'- 
ing, made on paper, linen, parch- 
ment, etc., of the exact pattern of a 
design intended to be executed either 
in tapestry, mosaics, or on glass: 
such are Raphael’s divine pictures 

in South Kensington Museum. In 

painting, a design drawn on strong 
paper, sometimes afterwards calqued 
through, and transferred on the fresh 
plaster of a wall, to be painted in 
fresco. 

i Cartouch, *a bag for carrying car- 
tridges in, and keeping them dry. 

8D 
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Cartouche, the same as modillion, 
except that it is exclusively used to 
signify the blocks or modillious on 
the eaves of a house. An orna- 

ment representing a scroll of paper. 

Carueru, or Chica, a pigment, of a 
soft powdery texture and rich morone 
colour, fir&t brought from South 
America by Lieut. Mawe. 

Carving and inlaying of woods had 
become prett} r general at the latter 
end of the sixteenth century*. ‘ At 
Hardwick, in Derbyshire (1570), the 
wood-work, in several of the princi- 
pal apartments, is oak, inlaid with 
ebony ornaments on the panels and 
stiles. The doors and shutters of 
“ Mary Queen of Scots’ room,’’ as it is 
called, are framed in panels of light 
wood, inlaid with profiles of the 
Caesars, and other enrichments ; the 
stiles, of darker coloured oak. In 
the state-room, the walls are divided, 
at about half the height, bv a string- 
ing, the upper part tilled with land- 
scapes, figures and animals relieved 
in plaster, and painted in their pro- 
per colours on white ground ; and 
the lower division hung with ta- 
pestry. The chimney front is en- 
tirely occupied by a large armorial 
compartment, relieved in plaster and 
emblazoned/ 

Caryates, or Caryatides (Greek), 
figures used instead of columns, em- 
ployed in architecture to represent 
the portraiture of the defeated Per- 
sians after the subjugation of the 
Caryatfle. The male figures are 
denominated Persians, Telamones, or 
Atlantides; the female, Caryans or 
Caryatides. Also anthropostylar 
pillars or human figures (usually 
female ones) employed instead of 
columns to support an entablature. 
Such figures ought always to be 
perfectly free from all attitudinising, 
and to appear to support their burden 
without any effort. Some very 
matter-of-fact critics object to carya- 
tides as being at the best only beauti- 
ful absurdities ; a^ if statues so ap- 
plied were particularly liable to be 
mistaken for living persons subjected 
to a more severe punishment than 
that of being posted iip in a niche, 
or on the top of a building. 

Casa, according to Vitruvius, a cot- 
tage ; a small country-house. 

Cascalho, the name giren in Brazil 
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to the alluvial deposits in which 
diamonds are found. 

Cased tin, in Cornish mining , tin 
which is washed on a frame by the 
gentlest current of water, and pre- 
vented from running off the frame 
by turf placed at the bottom. 

Case -bay work, naked flooring. 

Case-hardened, chilled iron or steel. 
The surfaces of iron or steel are 
hardened by being rapidly cooled. 
Sometimes the ferrocyanate of potash 
is used for case-hardening by being 
rubbed over the surface. The hard- 
ness and polish of steel may be 
united, in a certain degree, with the 
firmness and cheapness of malleable 
iron, by case-hardening, an opera- 
tion much practised and of consider- 
able use. 

Casemate. In military engineering. 
Enclosures in a fortress from which 
guns can be fired, with great security 
to the gunners. 

Casement, a frame enclosing part of 
the glazing of a window, with 
hinges to open and shut; also an 
early English name for a deep 
hollow moulding. The same as 
‘scotia,’ the name of a hollowed 
moulding. 

Cases, in Cornwall, very small fissures 
in the strata of the earth, through 
which small streams of water flow 
when they are opened by the work- 
ing underground, greatly to the 
hindrance of the workmen. 

Casing, in mining, a division of wood 
planks separating a footway in an 

engine-shaft. Of timber-work, the 

plastering a house all over on 
the outside with mortar and then 
strikiug it while it is wet with the 
corner of a trowel, or the like in- 
strument, to make it resemble the 
joints of free-stone, by which means 
the whole house appears as if built 
thereof. 

Casino. The Italian name used at 
first lbr a small hou^e, afterwards 
a pleasure-house in a garden, and 
then for a place of relaxation in 
town. 

Cassel earth., or Castle earth, an 
ochreous pigment of a brown colour, 
more inclined to the russet hue. 

Cassia Fistula is a native vegetable 
pigment, though it is more commonly 
used as a medicinal drug. 

Cassins, Purple of, a preparation of 
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gold and tin used for colouring glass 
and porcelain. 

| Cassiterite, the name given by 
mineralogists to stream-tin. 

Cast, to pay a vessel’s head off, in get- 
iDg under way, on the tack she is 
to sail upon. 

Cast after east, in Cornwall, is 
throwing up of tin stuff, etc., from 
one stage of boards to another, each 
cast about 5 or 6 feet high, 
j Castella, square towers in the cele- 
brated Roman wall of Sever us, which 
was raised to separate England from 
Scotland. 

Castellated, built in imitation of an 
ancient castle. 

Castellum, the receptacle in which 
the water was collected and heated 
for the public baths of the Romans ; 
a castle. 

Casteth, in mining , the damp warm 
air rising from a shaft in the morning 
in the winter-time, which appears 
like smoke 

Cast-hole, in mining, in Derbyshire, a 
miner discovering signs of a vein, 
—p digs a square hole — the cast-hole — 
| and sets up his ‘ Stowse,’ or miniature 
windlass which secures his claim. 
ICastile soap, or Spanish soap, made 
with olive oil and caustic soda ; there 
( are two varieties, the white and the 
£ i marbled. 

Casting, among sculptors, the taking 
casts of impressions of figures, busts, 
» medals, leaves, etc. 

** Casting of draperies : by this term is 
i implied the distribution of the folds, 
s Draperies are said to be well cast 
when the folds are distributed in 
such a manner as to appear rather 
the result of mere chance than of art, 
study, or labour. In that manner 
or style of painting, which is called 
the grand , the folds of the draperies 
should be great, and as few' as pos- 
sible, because tlieir rich simplicity is 
more susceptible of great lights ; but 
* it is an error to design draperies too 
-i heavy and cumbersome, for they 
jg ought to be suitable to the figures. 
II with a combination of ease and 
grandeur. Order, contrast, and 
variety of stuffs and folds, constitute 
the elegance of draperies ; and diver- 
sity of colours in these stuffs con- 
tributes extremely to the harmony 
of the whole in historic composi- 
tions. 


Casting or Warping, in joinery , is 
the bending of the surfaces of a 
piece of wood from their original 
position, cither by the weight of the 
wo< d or by an unequal exposure to 
tin. weather, or by the unequal tex- 
ture or the wood. 

Cast Iron. Specific gravity, 7*207 ; 
w eight of a cubic foot, 450 lb3. ; a 
bar 1 foot long and 1 inch square 
weighs 3'2 lbs. nearly ; it expands 
nriboi? of its length by one degree 
of heat (Roy) ; greatest change of 
length in the shade in this climate, 
Tfaz; greatest change of length 
when exposed to sun’s rays, rsYoi 
melts at 3470° (Daniell) and shrinks 
in cooling from to of its 
length (Mu&chet); is crushed by a 
force of 93,000 lbs. upon a square 
inch (Rennie) ; will bear without 
permanent alteration 15,300 lbs. 
upon a square inch, and an extension 
of tjVs of its length ; weight of 
modulus of elasticity, for a base 1 
inch square, 1 8,400,000 lbs. ; height 
of modulus of elasticity, 5,750,000 
feet ; modulus of resilience, 12-7 ; 
specific resilience, T76 (Tredgold). 

Cast-iron framing, for mill-work , 
possesses great superiority over that 
of timber, for constructing the fra- 
ming. It is not only much more 
durable, but, from the uniformity of 
its texture, may be converted into 
any shape, so as to give it great ad- 
vantage in arranging the materials 
with respect to strength, and pro- 
portioning it to the stress it has to 
sustain. 

Cast-iron scouring. This is effected 
most readily by mixing some organic 
matter as glycerine, stearine, or the 
like, with dilute sulphuric acid. 

Cast-iron shoes for roofs. A prac- 
tice introduced into the construction 
of roofs having the beams of wood, 
of protecting their extremities from 
the damp and consequent decay to 
which they are liable, by resting im- 
mediately in contact with the bririk 
or stone work of the walls of the 
building. This is effected by what 
the workmen call cast-iron shoes, 
which are attached to the ends of 
the tie-beams by means of bolts, 
nuts, etc. 

The iron-shoe itself, of course, 
takes various forms, according to 
circumstances and the situation where 
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it is introduced, and the particular 
views of the architect who employs 

it. 

Castle, a fortified and strong building, 
situated and constructed and ar- 
ranged for the puipo&e of protecting 
its inmates against the assaults of 
enemies. 

Cat, the tackle used to hoist the an- 
chor up the cat-head. 

Cat’s eye, a mineral which shows a 
peculiar play of light. It is al&o 
known as chrysoberyl and cymophane. 

Cat -gold, in mining , yellou- glimmer. 
Shining scales of mica : — sometimes 
applied to ironpyrites . 

Cat’s skin is often sold as false sable. 

Catacombs, subterraneous vaults or 
excavations used as burying-places. 

Catadrome, a tilt-yard, or place 
where horses run for prizes ; also an 
engine like a crane, used by builders 
to draw up or let down any weight. 

Catafalco, a decoration of sculpture, 
painting, etc., raised on a timber 
scaffold, to show a coffin or tomb 
in a funeral solemnity. 

Catagraph, the first draught of a 
picture. 

Catamaran, a name given both in the I 
East and West Indies to some kinds | 
of rafts, which are used in short 
navigations along the sea-shore. 

Cataract, a contrivance applied to 
Cornish engines for regulating the 
number of strokes per minute : it 
consists of a small pump fixed on 
a cistern; the piston is raised at 
each stroke of the engine by a 
tappet on the plug-rod, and the 
water rises into the cylinder of the 
pump : it is then forced through a 
cock by means of counterweights 
attached to a cross-head on the 
pump piston-rod : when the water 
lias been forced back into the cistern, 
a series of levers, acting on a rising 
rod, loosen catches which allow 
weights to act, to open or shut 
the steam, equilibrium, and exhaust 
valves. 

Cataraetes, according to Pliny, a 
sluice, flood-gate, or lock in a river; a 
cataract, cascade, or sudden fall of 
water from a higher to a lower level. 

Catch, a contrivance in machinery, 
acting on the principle of a latch, 
for catching the rod in a bore-hole 
when it breaks — of the ratchet-wheel 
of a saw-mill. 
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Catenary, in the higher geometry , a 
mechanical curve which a chain or 
rope forms itself into by its own 
weight, when hung freely between 
two points of suspension, whether 
these points be in the same hori- 
zontal plane or not. 

Catgut, in turnery , the string which 
connects the fly and the mandril. 
The name given to cords prepared 
from the twisted intestines of the 
sheep. Fiddle strings, harp strings, 
etc., are carefully made of catgut. 

Cat-harpin, an iron leg used to con- 
fine the upper part of the rigging to 
the mast. 

Catharpings, small ropes in a ship, 
running in little blocks from one 
side of the shroud to another, near 
the deck. 

Cat-bead, in navul architecture , a 
large square piece of timber, one end 
of which is fastened upon the fore- 
castle and the other end projects 
without the how, so as to keep the 
anchor clear of the ship when it is 

being drawn up by a tackle. In 

mining, a small capstan. 

Cathedra, according to Horace, a 
chair without arms ; according to 
Juvenal, a chair with a long deep 
seat. 

Cathedral, the principal church of 
a dioce-e, in which the bishop's 
throne is placed. 

Very few of the Guthie cathedrals 
on the Continent have the tower or 
spire springing from the centre of 
the cross, and resting on four pillars, 
to balance the thrusts of the ranges 
of arches centering there ; nor have 
those of Stra^burg, Ulm, Vienna, 
Orleans or Antwerp. ‘ The distribu- 
tion of light in a Gothic cathedral is 
admirably adapted to the grandeur 
of the edifice, and produces that 
effect which a painter aims at in his 
picture. At the entrance at the west* 
the window being placed high, there 
is a low-toned light on the lower 
pari of the pillars, and a shadow on 
the pavement, which, as we walk up 
the nave, graduates into light from 
the choir. The east window, always 
the broadest and the highest, pours 
in a greater body of light than is 
to he found in any other kind of 
building. The altar, rather in 
shadow, surrounded by this strong 
light, gives additional effect by con- 
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trast. The light from the transept 
windows is softened down by painted 
glass. The small windows, placed 
high along the aides, enlighten their 
roofs, hut the lower part of the 
pillars and floor remains in shadow’.’ 

The very ancient cathedral of 
Usumbar and other Armenian 
churches in Georgia have an arcade 
■ surrounding the outside of the build- 
ing, of which the arches are in the 
l flattened Gothic style : the same 
• form prevails in the window's, doors, 
! etc., in the body of the church. 
& These structures are of an earlier 
' date than any Gothic architecture in 
J Italy. 

JDatherine -wheel, in architecture , an 
ornament that occurs in the upper 
‘ part of the north and south transepts 
of ancient cathedrals. 

Uathetus. The eye of the volute is so 
termed because its position is deter- 
mined, in an Ionic or voluted capital, 
by a line let down from the point in 
w'hich the volute generates, 
^at’s-paw, a hitch made in a rope. 
“3auk, in mining, a term used chiefly 
in Leicestershire to express hard 
nodular siliceous ironstones. The 
term catck is also applied to the 
' jj sulphate of barytes, or heavy spar. 

Caul, a smooth plane for pressing 
, jf veneered cabinet work. 
jCauliculus, the volute or twist under 
the flower in the Corinthian capital. 
Uaulking, in naval architecture , the 
art of driving a quantity of oakum, 
i.e. old ropes untwisted and softened, 
into the seams of the planks, to keep 
out the water. 

gaunter and Caunting, in Cornish 
mining , Contra : when two lodes run 
across, the one, with respect to the 
other, is called a caunter or contra 
lode. 

Causeway, a raised walk higher than 
the carriage- road ; also a built way 
across a swamp or the like. 
Cavaedium, one of the courts of a 
Koman house, most commonly sur- 
rounded by a covered passage, hav- 
ing the middle area exposed to the 
air. There are five kinds of cavaxlia, 
which, from their mode of construc- 
tion, are severally denominated 
Tuscan, Corinthian, tetrastyle, dis- 
pluviatum,and testudinatum. They 
are termed Tuscan when the beams 
which are thrown across the court 




have timbers and gutters extending 
diagonally from the angles made by 
the walls of the court to those made 
by the junction of the beams, and the 
rafters of the eaves are made to in- 
cline every way towards the centre 
of the compluvium. The timbers 
andcompluvia of Corinthian cavaedia 
have a disposition, in all respects, 
similar ; but beams are made to 
project from the walls, and are 
supported upon columns arranged 
around the court. 

Cavazion, in architecture , the hollow 
trench made for laying the founda- 
tion of a building ; according to 
Vitruvius, it ought to be one-sixth 
part of the height of the whole 
building. 

Cavers, in mining. In Derbyshire, 
poor people who under certain res- 
trictions are permitted to gather 
fragments of lead ore from the waste 
heaps of the mine. 

Cavetto, a hollow moulding whose 
protile is a quadrant of a circle; 
principally used in cornices. 

Caviar, a substance prepared in Bussia; 
the salted roes of large fish, the best 
being made of the roe of the stur- 
geon. 

Cavo relievo, an Egyptian style of 
sculpturing, in which the higher 
relief is only on a level with the 
plane of the stone, the rounded 
sides of the figures being cut into 
the material. 

Cawk, the English miners’ name for 
sulphate of baryta or heavy spar. 

Cawking, dovetailing a cross, used 
for tilting down tie-beams or other 
timbers upon wall-plates. 

Caya, a kav or water-lock. 

Cede, an old English term for a ca- 
nopy. 

Cedar. Cedar-wood was known and 
used in the earliest times, as in the 
construction of Solomon’s Temple: 
great varieties are produced in the 
eastern and western parts of the 
world: it is used in ship-building, 
cabinet-work, pencil -making, and 
for various other purposes. 

Cedars of Lebanon, of great age 
and size, constitute a peculiar and 
very observable feature in the land- 
scape of the suburbs of London, 
and are unusually numerous on the 
west and south-west sides as the 

' adjuncts of stately mansions or 
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elegant villas, along the valley of the 
Thames. 

Ceiling, the upper side of an apart- 
ment, opposite to the floor, generally 
finished with postered work. Ceil- 
ings are set in two different ways : 
the best is where the setting- coat is 
composed of plaster and putty, com- 
monly called ‘gauge.’ Common 
ceilings have plaster, but no hair : 
the latter is the same as the finishing 
coat in walls set for paper. To pro- 
cure a good ceiling in single-jor-t 
floors it is necessary there should 
be ceiling-joists crossing below the 
others : and it is a question whether 
the ceiling-joists, under double- 
framed floors, instead of being chase- 
mortised into the binder**, should 
not be in unbroken lengths nailed 
under the binders. Where the 
ceiling-joints (as under roofs) are 
likely to be trodden upon, they must 
be well secured. 

Sound boarding . — Always consider 
whether the occupants of any parti- 
cular room will be annoyed by noises 
from the rooms below' or" above. 
Sound boarding ancl pugging con- 
siderably increase the weight of the 
floor, the scantling of whose timbers 
should therefore be thought upon. 
Water-closet partitions should be 
well puggecL 

The under covering of a roof, under 
the surface of the vaulting in vaulted 
rooms and buildings. Ceilings in 
buildings of any dimensions at either 
story are the upper or overhead 
surfaces of the rooms respectively. 
When ceilings are covered, the 
height of the cove should be regu- 
lated by the total height of the room. 
In proportioning the height of a 
room to its superficial dimensions, 
the best proportion for the cove is 
one quarter of the whole height. 

Celerity is the velocity or swiftness of 
a body in motion ; or that affection 
of a body in motion by which it can 
pa c s over a certain space in a certain 
time. 

Cell, an enclosed space within the 
wall of an ancient temple ; a term 
applied also to monkish sleeping- 
rooms in religious establishments. 

Celia, the body or principal part of a 
temple — anciently written ceta. It 
is thought to be derived from celan- 
du$,—t o be concealed or shut out 
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from public view ; because in early 
temples the cella could only be entered 
by privileged persons. 

CeUarino, that part of the capital in « 
the Roman, Doric, and Tuscan orders 
which is below the annulets under 
the ovolo. 

Cellular beam. An application of 
wrouglit-iron to the purposes of 
girders and beams, in which wrouglit- 
iron plates are riveted with angle- 
irons in the form of a series of longi- 
tudinal cells with occasional struts. 

Cement, hydraulic, compounds of 
clay and lime. Parker’s cement 
consists of 43 per cent, of clay and 55 
per cent, of carbonate of lime. 

Cement, oleaginous, a mixture of 
litharge, stone dust, and linseed oil. ** 

Cement stones, generally a reniform 
limestone found in nodules in beds 
of clay, frequently in the argillaceous 
strata which alternate with those of 
the Oolite. In Kent they are found 
on the coast of the Isle of Sheppey, 
and are called septaria . Much of 

the Lias yields good cement stones, 
and some bands of the mountain 
limestone possess the necessary 
hardening quality when properly 
prepared. 

Cement, water, a cement which sets 
under water ; or a cement prepared 
by being mixed with water. 

Cements, natural. When the pro- 
portion of clay in calcareous minerals 
exceeds 27 to 30 per cent., it is sel- 
dom that they can be converted into 
lime by calcination; but they then * 
furnish a kind of natural cement, 
which may be employed in the same 
manner as plaster of Paris, by pul- 
verizing it, and kneading it with a 
certain quantity of water. 

There are some natural cements 
which do not set in water for many 
days, and some which harden in less 
than a quarter of an hour: these 
last are the only ones which have 
been made use of at present. Though 
very useful in circumstance* where a 
quick solidification is indispensable, 
they are far from affording, in or- * 
dinarv cas?*, the advantages of 
hydraulic mortars or cements of good 
quality. In fact, they merely ad- 
here to the stone, owing to the 
roughness of its surface, and the 
entanglement resulting from it; and, 
however dexterous or experienced 
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the workman may be who makes 
use of them, he will be unable to 
connect the' different parts of his 
masonry in one continuous bond by 
means of them. This statement 
must be understood to apply only t< 
cements which harden •while in con- 
tact with bricks under water , because 
the adhesion of such as dry in the 
open air is well known to be much 
greater than what would be caused 
merely by asperities of the surface 
It is not uncommon to see from 
twenty to thirty bricks stuck to one 
another by Roman cement, and pro- 
jecting at* right angles from the side 
of a wall, as a proof of the excellence 
of the composition ; and an instance 
has been mentioned in which thirty- 
three bricks were successfully sup- 
ported in this manner. Now, if we 
assume the weight of a brick and its 
corresponding joint of cement to be 
6 lbs., and their thickness, when the 
bricks were joined one to another in 
the manner above alluded to (in 
which the longest dimension of the 
brick was placed vertically,) to be 
inches, then the cohesive force 
necessary to unite the first brick to 
the wall, with sufficient firmness to 
bear the strain occasioned by the 
weight of the remaining thirty-two 
supported by it, must have been 
nearly 91 lbs. per square inch, or 
equivalent to a direct load of 3,G40lbs. 
upon its whole surface of about 4.U 
square inches. 

That which is in England very 
improperly termed Roman cement is 
nothing more than a natural cement, 
resulting from a slight calcination of 
a calcareous mineral, containing 
about 31 per cent, of oclireotis clay, 
and a few hundredths of carbonate 
of magnesia and manganese. A very 
great consumption of this cement 
fakes place in London ; but its use 
wiH infallibly become restricted, in 
proportion as the mortars of emi- 
nently hydraulic lime shall become 
better known, and, in consequence, 
better appreciated. 

The pure calcareous substances 
when imperfectly calcined, become 
converted into sub-carbonates, pos- 
sessed of certain properties. These 
properties are to afford a powder, 
which, when kneaded with w ater in 
the same way as plaster of Paris, 
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acquires in it, at first, a consistency 
more or less firm, but which does 
not continue its progress at the same 
rate. 

The argillaceous limestones, and 
the artificial mixtures of pure lime 
and clay in the proportions requisite 
to constitute hydraulic lime by the 
ordinary calcination, become natural 
or artificial cements when they have 
been subjected merely to a simple 
incandescence, kept up for some 
hours, or even for some minutes. 
This result, which has often occurred 
in the course of first experiments in 
burning the artificial hydraulic lime- 
stones, has been equally observed in 
Russia by Colonel Raucourt; and 
M. Lacordaire, Engineer of Roads, 
has not only fully verified it with 
respect to the different argillaceous 
limestones of the neighbourhood of 
Pouilly, but has also made a useful 
and happy application of it in the 
works which have been erected at 
the junction of the Burgundy canal; 
both in transforming these limestones 
into natural cements, and in turning 
to account the large quantity of half- 
burnt lime which is found in the 
upper layers of the kilns, when the 
intensity and duration of the heat is 
so regulated as not to exceed the 
limit proper for the lower strata of 
the charge. 

The history of these new cements 
will not be complete until authentic 
and multiplied experiments shall 
have established their power to 
resist the effects of air and frost, 
and the degree of adhesion with 
which they unite to the building- 
stone. 

Cementation is the process of con- 
verting iron into steel, which is done 
by stratifying bars of iron in char- 
coal, igniting it, aud letting them 
continue in a kiln in that state for 
five or six days : the carbon of the 
chaicoal is thus absorbed by the iron, 

and it is converted into steel. In 

chemistry , the process by which 
analogous changes are produced in 
other bodies. 

Cemetery, a place wherein the bodies 
of the dead are buried ; a churchyard 
or burying-ground. 

Cendres bleues. (See Bice.') 

Cenere verde. (See Bice.) 

Cenotaphium, a cenotaph, an empty 
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or honorary tomb, erected by the 
Greeks as a memorial of a person 
whose body was buried elsewhere, or 
not found "for burial. 

Censitores, surveyors of the Roman 
aqueducts. 

Centaur, poetically, and in ancient 
mythology, a being represented as 
half man half horse — the Sagittarius 
of the Zodiac. 

Centering, temporary supports, prin- 
cipally of timber, placed and affixed 
under vaults and arches to sustain 
them while they are in course of 
building. Much ingenuity is dis- 
played in the centering for bridges 
and tunnels. 

Centigrade, the division into grades 
or degrees by hundredth parts. 

Centigrade thermometer, a ther- 
mometer in which the freezing point 
of water 0 is the Zero, and the boil- 
ing point of water is 100°. This is 
used in France and other places. 

Central forces, the powers which 
cause a moving body to tend towards 
or recede from the centre of motion. 
When a body is made to revolve in 
a circle round some fixed point, it 
will have a continued tendency to 
fly off in a straight line at a tangent 
in the circle, which tendency is called 
the centrifugal force ; and the oppos- 
ing power by which the body is 
retained in the circular path is called 
the centripetal force. 

Centres, Centering. The art of 
disposing various lengths of timber 
so as to form a perfect centre, capa- 
ble without undergoing any change 
in its form of carrying the weight 
of the vous^oir throughout, until the 
keystone which locks the whole is 
placed. 

Centre, any timber frame, or set of 
frames, for supporting the arch- 
stones of a bridge during the con- 
struction of an arch. 

The qualities of a good centre 
consist in its being a sufficient sup- 
port for the weight or pressure of the 
arch-stones, without any sensible 
change of form taking place through- 
out the whole progress of the work, 
from the springing of the arch to the 
fixing of the keystone : it should be 
capable of being easily and safely 
removed, and designed so that it mav 
be erected at a comparatively small 
expense. Centre, in a general sense, 


denotes a point equally remote from 
the extremes of a line, surface, or 
solid : the word signifies a point. 

Centre-bit, in joinery , an instrument 
with a projecting conical point nearly 
in the middle, called the centre of the 
bit : on the narrow vertical surface, 
the one most remote from the centre, 
is a tooth with a cutting edge. The 
under edge of the bit on the other 
side of the centre has a projecting 
edge inclined forward. The horizon- 
tal section of this bit upwards is a 
rectangle. The axis of the small 
cone in the centre is in the same 
straight line as that of the stock ; 
the cutting edge of the tooth is more 
prominent than the projecting edge 
on the other side of the centre, and 
the vertex of the conic centre is still 
more prominent than the cutting 
edge of the tooth. 

Centre-chuck, a chuck which can be 
screwed on the mandril of a lathe, 
and has a hardened steel cone or 
centre fixed in it ; also a projecting 
arm or driver. 

Centre -drill, a small drill used for 
making a short hole in the ends of 
a shaft about to be turned, for the 
entrance of the lathe centres. 

Centre of attraction of a body is 
that point into which, if all its 
matter were collected, its action upon 
any remote particle would still be 
the same as it is while the body 
retains its own proper form ; or it is 
that point to which bodies tend bv 
their own gravity, or about which 
a planet revolves as a centre, being 
attracted or impelled towards it by 
the action of gravity. The common 
centre of attraction of two or more 
bodies is used to denote that point in 
which, if a particle of matter were 
placed, the action of each body upon 
it would be equal, and where it will 
remain in equilibrium, having no 
tendency to move one way rather 
than another. 

Centre of a circle, that point in a 
circle which is equally distant from 
everv r point of the circumference, 
being that from which the circle is 
desciibed. 

Centre of a conic section, that 
point which bisects any diameter, 
or that point in which all the diame*- 
ters intersect each other. This point 
in an ellipse is within the figure, in 
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the hyperbola, without, and in the 
parabola it ig at an infinite distance, 
lentre of conversion, a mechanical 
term, the signification of which may 
be thus conceived: if a stick be laid 
on stagnant water, and drawn by a 
thread fastened to it, so that .the 
thread makes always the same angle 
with it, the stick will be found to 
turn about a certain point, which 
point is called the 4 centre of conver- 
| sion.' 

pentre of a curve of the higher 
| kind, is the point where two diame- 
| ters concur ; and when all the dia- 
» meters concur in the same point, it 
f is called the general centre. 

Centro of a dial, that point where 
[ the gnomon or style, placed parallel 
i to the axis of the earth, intersects 
the plane of the dial. 

Centre of an equilibrium is the 
same with respect to bodies immersed 
in a fluid as the centre of gravity i3 
to bodies in free space ; or it is a 
certain point on which, if a body, 
or system of bodies, be suspended, 
they will rest in any position. 

Centre of friction is that point in 
p the base of a body on which it re- 
§1 volves, in which, if the whole surface 
y of the base and the mass of the body 
y were collected and made to revolve 
jj about the centre of the base of the 
given body, the angular velocity 
destroyed by its friction would be 
g equal 'to the angular velocity de- 
stroyed in the given body by its 
friction in the same time. 

Centre of gravity of any body, or 
system of bodies, is that point upon 
which the body or system of bodies 
acted upon only by the force of 
gravity will balance itself in all 
positions ; or it is a point on which, 
when supported, the body or sys- 
tem will be supported, however it 
may be situated in other respects. 
Hence it follows, that if a line or 
plane passing through the centre of 
gravity be supported, the body or 
system will also be supported ; and 
conversely, if a body or system 
balance itself upon a line or plane, 
in all positions, the centre of gravity 

I is in that line or plane. In a simi- 
lar manner it will appear, that if a 
body rest in equilibrio when sus- 
pended from any point, the centre 
of gravity of that body or system 
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is in the perpendicular let fall from 
the centre of suspension ; and ou 
these principles depends the me- 
chanical method of finding the cen- 
tre of gravity of bodies. 

Centre of gyration, that point in a 
body revolving on an axis, into 
which, if the matter of the whole 
body were collected, the same an- 
gular velocity would be generated 
by the same moving force. 

Centre of motion of a body is a fixed 
point about which the body is 
moved ; and the axis of motion is 
the fixed axis about which it mores. 

Centre of oscillation, the point in 
which the whole of the matter 
must be collected, in order that the 
time of oscillation may be the same 
as when it is distributed. 

Centre of percussion, that point of 
a revolving body which would strike 
an obstacle with the same force as 
if the whole of the matter were 
collected in it. 

Centre of position, in mechanics , 
denotes a point of any body, or 
system of bodies, so selected that we 
may properly estimate the situation 
and motion of the body or system by 
those points. 

Centre of pressure, or metacentre 
of a fluid against a plane, is that 
point against which a force being 
applied, equal and contrary to the 
whole pressure, it will sustain it, so 
as that the body pressed on will not 
incline to either side. This is the 
same as the centre of percussion, 
supposing the axis of motion to be 
at the intersection of this plane 
with the surface of the fluid ; and 
the centre of pressure upon a plane 
parallel to the horizon, or upon any 
plane where the pressure is uniform, 
is the same as the centre of gravity 
of that plane. 

Centre of spontaneous rotation, 
that point which remains at rest the 
instant a body is struck, or about 
which the body begins to revolve. 
If a body of any size or form, after 
rotatory or gyratory motions, be 
left entirely to itself, it will always 
have three principal axes of rotation 5 
that is, all. the rotary motions by 
which it is effected may be constantly 
reduced to three, which are per- 
formed round three axes perpendicu- 
lar to each other, pacing through 


CSV 


CERIUM. 


CBA 


the centre of gravity, and always 
preserving the same position in ab- 
solute space, while the centre of 
gravity is at rest, or moves uni- 
formly forward in a right line. 

Centre phonic, in acoustics , the 
place where the speaker stands in 
making polysyllabieal and articulate 
echoes. 

Centre phonocamptic, the place or 
object which returns the voice. 

Centre-punch, a small piece of steel 
with a hardened point at one end. 

Centres, in turnery , are the two cones 
with their axes horizontally posited 
for sustaining the body while it is 
turned. 

Centre-welic or Velic-point, the 
centre of gravity of an equivalent 
sail, or that single sail whose position 
and magnitude are such as cause it 
to be acted upon by the wind w hen 
the vessel is sailing, so that the mo- 
tion shall be the same as that which 
takes place while the sails have their 
usual positions. 

Centrifugal drying-machine, or 
hydro-extractor. The substance to 
he dried is placed in a perforated 
cylindrical box mounted on an axle. 
This is then set in rapid rotation, 
when all the water flies off through 
the perforations. 

Centrifugal force is that force by 
which a body revolving about a 
centre, or about another body, has a 
tendency to recede from it. 

Centrifugal machines, machines 
in which advantage is taken of the 
force produced by the tendency of 
all bodies to fly from the centre w r hen 
in rapid rotatory motion. Many 
machines for raising and throwing 
•water, and ventilating machines for 
drawing air from mines, are con- 
structed npon this principle. 

Centrifugal pump, a machine for 
raising water by centrifugal force 
combined with the pressure of the 
atmosphere. 

Centripetal force is that force by 
which a body is perpetually urged 
onwards to a centre, and thereby 
made to revolve in a curve instead of 
a right line. 

Ceramics, a term for all the varieties 
of baked or burnt clay. 

Cere-cloth, waxed cloth, oil-cloth. 

Cerium, a metal discovered in 1803 
by Berzelius, and named after the 
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planet Ceres. It is brittle, white, 
and volatile in a very intense heat : 
it is not acted upon by nitric acid, 
but is dissolved in aqua regia, nitro- 
hydrochloric acid. 

Ceroplastic, the art of modelling in 
wax. 

Cerostrotum, a species of encaustic 
painting, chiefly on horn or ivory ; 
the lines of the design are burntin 
with a stylum called a cestrum, and 
wax rubbed into the furrows. 

Ceruse, white lead, carbonate of 
lead, consists of oxide of lead 83*58, 
carbonic acid 1G’42. 

Cesspool, a receptacle, sunk below the 
level of a drain from a privy or 
water-closet, for the sediment which 
would otherwise choke the drain. 

Chafery, in metallurgy , French chafu - 
ferie, a kind of blacksmith’s forge, 
which w'as formerly used for ‘ reheat- 
ing.’ A forge in an iron mill, 

wherein the iron is wrought into 
bars. 

Chain, in surveying , is a lineal mea- 
sure, consisting of a certain number 
of iron links, usually 100, serving 
to take the dimensions of fields, etc. : 
at every tenth link is usually fastened 
a small brass plate, with a figure en- 
graved upon it, or else cut into dif- 
ferent shape?, to show how many 
links it is from one end of the 
chain. 

Chains, strong rings of iron linked to- 
gether. 

Chain-plates, plates of iron bolted to 
the side of a ship, to which the chains 
and dead-eyes of the low*er rigging 
are connected. 

Chain -pump, an hydraulic machine 
for raising water, "it consists of two 
collateral square barrels and an end- 
less chain of pistons of the same 
form, fixed at proper distances. 

Chain-timber, in brick-building , a 
timber of large dimensions placed in 
the middle of the height of a story, 
for imparting strength. 

Chairs. Anciently, in most apart- 
ments we find ‘ two great chayers : ’ 
these were arm-chair*, with stuffed 
backs and sides, entirely covered, 
and similar to the lounging-chairs 
of the present day. Others are 
described as ‘Flemish chairs,* 

‘ scrolled chairs,’ and ‘ turned chairs,* 
wrought in ebony, walnut, cherry- 
tree, etc., with high backs, either 
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stuffed in one long upright panel, 
or filled with wicker-work, etc. 
halcedony, a precious stone, in co- 
lour like a carbuncle : by some trans- 
lated from the Scriptures as ‘emerald.’ 
halcidicum, among the Homans, a 
large, low, and deep porch, covered 
with its own roof, supported on 
pilasters, and appended to the en- 
trance-front of a building, where it 
[protected the principal doorway, and 
-formed a grand entrance to the 
whole edifice. 

haleidria, chambers attached to a 
isilica ; they were built at one end 
hen the situation would allow. 

’ ‘on copper. 

Hiu! ■ y measure. 

I 1 . lake a chal- 

i" ■ icks of coal 

. *arely used, 

halice, the cup used for the wine at 
the celebration of the Eucharist, 
lalinque, a boat which is almost of 
a square building, used in Italy, 
lalk, in geology, forms the higher 
part of the series or group termed 
cretaceous : it is composed of nearly 
44 parts of carbonic acid and 56 parts 
of lime. Specific gravity, 2*315; 
weight of a cubic foot, 144*7 lbs. ; 

- is crushed by a force of 500 lbs. on 
i. a square inch. 

lamber of a mine, the place 
where the powder is fired, 
hambers, according to Palladio, are 
made either arched or with a flat 
ceiling : if in the last way, the 
height from the floor to the joist 
above ought to be equal to their 
breadth ; and the chambers of the 
second story must be a sixth part 
less than their height, 
hambranle, an ornament in masourj” 
and joiners’ work which borders 
the sides of doors, windows, and 
chimneys. 

amfer. An edge or arris, taken off 
equally on the two sides which form 
it, leaves what is called a chamfer, 
or a chamfered edge. If the arris 
~ e taken off more on one side than 
he other, it is said to be splayed or 
evclled. 

amfering, the process of cutting 
he edge or the end of anything 
evel or aslope. 

amois. (Shamoy leather.) Leather 
made from the skin of the chamois, 
amp, the flat surface of a wall. 
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Champe, the field or ground on w hich 
carving is raised. 

Champe-leve, a term used by ena- 
mellers in early times to denote the 
process of so cutting down the 
copper, that the outline of the 
subject forms only a fine band 
between the enamel colours and the 
plate subsequently to be hollowed 
for their reception. 

Champ de Mars : in French history, 
the public assemblies of the Franks 
are said to have been held in an open 
field, and in the month of March ; 
whence the name. 

Chancel, the choir or eastern part of 
a church appropriated to the use of 
those who officiate in the perform- 
ance of the services, and separated 
from the nave and other portions in 
which the congregation assemble, 
sometimes by a screen. 

Chandry, an apartment in a prince’s 
house, where the candles and other 
lights are kept. 

Chank-shells. Conk shells, the shell 
of the Voluta Pyruvn. They are 
used in the manufacture of orna- 
ments. 

Channel, in hydrography, the deepest 
part of a river, harbour, or strait, 
which is most convenient for the 
track of shipping; also an arm of 
the sea running between an island 
and the main, or continent, as the 
British Channel, etc. 

Channelling, in architecture , perpen- 
dicular channels, or cavities, cut 
along the shaft of a column or 
pilaster. 

Channels, broad pieces of plank bolted 
edgewise to the outside of a vessel, 
used lor spreading the lower rig- 
ging. 

Chant, Chanting. The word 4 chant ’ 
is derived from the Latin Cantus, 
which signifies singing; a song, a 
tune, or melody. The word chant 
is not confined to merely a melody 
consisting of several notes ; it may 
consis-t of one only ; in this case it 
is called, in church music, t intona- 
tion,’ although in Gregorian music 
the word intonation has a somewhat 
different signification. (See Gre- 
gorian Chant.) Hence chanting is 
reciting in a musical tone. In 
chanting the greater and lesser 
Canticles,— the Tc Deuni, Jubilate, 
Benedicite, Benedictus, Athanasian 
39 
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Creed, Venite exultemas, Magnificat, 
Cantate Domino, Nunc dimittis, 
Deus misereatur, as also the prose 
Psalms, — the chant may consist of 
more than one tone, although it is 
preferable to use a small number. 
The method of chanting the Psalter 
in the English church is different 
from that adopted on the Continent, 
where it appears to be governed by 
no rule ; whereas the Gregorian 
chant is governed entirely by rule. 

Chantlate, in building , a piece of wood 
fastened near the ends of the rafters, 
and projecting beyond the wall, to 
support two or three rows of tiles, so 
placed to hinder the rain-water from 
trickling down the sides of the 
walls. 

Chantry, an ecclesiastical benefice 
or endowment to provide for the 
chanting of masses. 

Chapel, a small building attached 
anciently to various parts of large 
churches or cathedrals, and sepa- 
rately dedicated; also a detached 
building for divine service. In 
England, chapels are sometimes 
called chapels of ease , built for the 
accommodation of an increasing po- 
pulation. 

Chapelling, wearing a ship round, 
when taken aback, without bracing 
the head-yards. 

Chapiter/the capital of a column. 

Chaplet, in architecture , a small orna- 
ment carved into round beads, etc. 

Chaps, the two planes or flat parts of 
a vice or pair of tongs or pliers, for 
holding anything fast, and which 
are generally roughed with teeth. 

Chapter-house, an establishment for 
Deans and Prebendaries of cathe- 
drals and collegiate churches. The 
apartment or hall in which the 
monks and canons of a monastic 
establishment conduct their affairs 
connected with ecclesiastical regula- 
tions. 

Char or Chare, to hew, to work 
charred stone ; hewn stone. 

Character, in a picture, is giving to 
the different objects their appro- 
priate and distinguishing appear- 
ance. 

Charcoal, carbon procured from wood 
by burning in close piles or retorts. 
This operation is generally conducted j 
in pits made in the ground, and in i 
iron cylinders. Wood is essential! v 
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composed of carbon, oxygen, and 
hydrogen. In the process of charring, 
the oxygen and hydrogen are liber- 
ated, leaving the carbon behind. 
Charcoal is black, lighter than water, 
and full of pores. 

Charcoal Finery. (See Hearth.') 

Charcoal Hearth. (See Hearth .) 

Charge, in electricity , is the accumu- 
lation of the electric matter on one 
surface of an electric, as a coated 
pane of glass, Leyden phial, or the 
like, whilst the opposite surface has 
a minus or a negative quantity. In 
metallurgy, any quantity of ore put 
at one time into a furnace to fuse 
is called a ‘ charge.’ 

Charger, in mining , a bit for charging 
holes for blasting which have been 
bored horizontally. 

Chargers, large dishes, sometimes de 
scribed as ‘ flat pieces.’ 

Charnley Forest Stone, a stone 
found only in Charnwood Forest, 
Leicestershire. It is a good substi- 
tute for Turkey oil-stone, and is much 
in request by joiners for giving a fine 
edge to tools. 

Charqui, jerked beef. ‘Charqui is 
muscular fibre, without fat, cut into 
thin flakes or strips, and dried rapidly 
by sun-heat.’ 

Charring of Coal, converting coal 

into coke. 

Charter-master, a man undertaking 
the management of a colliery, espe- 
cially in South Staffordshire. 

Charter-party, the name given to a 
contract in writing between the 
owner or master of a ship and the 
freighter. 

Chasing, the art of embossing on 
metal: the design is punched out 
from behind and sculptured -with 
sharp tools. 

Chatelet, the common gaol and ses- 
sion-house in the city of Paris. 

Cheeks, the shears or bed of the lathe 
as made with two pieces for con- 
ducting the puppets. The projec- 
tion on each side of a mast, upon 
which the trestle-trees rest ; the 

sides of the sheet of a block. Two 

upright, equal, and similar parts of 
any piece of timber-work, as th3 

sides of a dormer-window. (Of a 

mortise ) are the two solid parts upon 
the sides of the mortise. The thick- 
ness of each cheek should not be 
less than the thickness of the mor- 
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tise, except mouldings on the stiles 
require it to be otherwise. 

Cheeks (of a lode), mining. (See Walls 
of a lode.) 

Chemic, a name given by bleachers to 
a solution of chloride of lime. 

Chemistry. The science of chemistry 
has for its object the study of the 
nature and properties of the different 
substances of which the earth, the 
waters, the air, and their inhabitants 
(namely, plants and animals), aie 
composed. In a word, it embraces 
the study of everything under heaven 
accessible to man. In its highest 
branches it aims at discovering the 
laws or rules which regulate the for- 
r, mation of chemical compounds genc- 
J rally; and in its useful applications 
| it has been already exceedingly 
j serviceable in directing and improv- 
I ing the various arts of common life, 
I as agriculture, the working of metals, 
| dyeing, and many other pursuits. It 
J serves also to guide the medical man 
in the preparation of his remedies, 
and also occasionally in distinguish- 
ing between diseases which are in 
other respects much alike. There is, 
indeed, scarcely a situation in life in 
which a knowledge of chemistry may 
not prove directly useful. It is a 
science the study of which, from its 
simplest beginnings to its highest 
F* attempts, is rendered delightful by 
fj the constant succession of new and 
fe interesting things brought before the 
J eye and the mind. 

-| Cherry-tree, a hard, close-grained 
g wood, of a pale red-brown colour; 

, when stained with lime, and oiled 
and varnished, it resembles maho- 
gany, and is used for furniture, 
* etc * 

* Chess-trees, pieces of oak fitted to 
the sides of a vessel, abaft the fore- 
chains, with a sheave in them, to 
board the main-tack to; not much 
* used. 

i Chest, a piece of furniture for the re- 
ception of all kinds of goods, and for 
plate deposited therein for security ; 
l placed also in churches, for the keep- 
j ing of the holy vessels, vestments, 

' _ etc. : the seaman’s chest contains all 

■ * the person alities of a sailor. 

Chests and coffers were the general 
repositories for articles of every kind ; 
writings, apparel, food, and even fuel, 
Were kept within them. Many of 


these chests vhich were raised on 
feet to protect them from damp and 
vermin, were beautifully ornamented 
with carving* and other sumptuous 
enrichments. Large trunks, in which 
clothes, hangings, etc., were packed 
for removal, were called ‘Trussing 
Chests : ’ they were substantially 
made, and bound in every direction 
with iron straps, wrought into fanci- 
ful forms, and secured by locks of 
artful and curious contrivance. Two 
‘standard chests ’ were delivered to 
the laundress of King Henry VIII. ; 
* the one to keep the cleane stuff, and 
the other to keep the stuff that had 
been occupied.’ ‘In ivory coffers,* 
says Grameo, ‘I have stuffed my 
crowns ; in cypress clients, my arras, 
counter-points, etc.* Cypress-wood 
was selected for its supposed rare 
properties of neither rotting nor 
becoming worm-eaten. 

Chestnut wood is very durable, and 
was formerly much used in house 
carpentry and furniture. 

Cheval de frise, a square or octago- 
nal beam of wood, from G to 9 feet In 
length, and pierced by iron rods or 
wooden pickets G feet long, which 
are pointed at each end, and shod 
with iron ; the pickets are placed 6 
inches asunder, and pass through two 
opposite faces of the beam, in direc- 
tions alternately at right angles to 
each other, the cheval resting on the 
ground at the lower extremity of the 
pickets. 

Cheval-vapeur,or force de cheval* 
is, according to Kankine, applied to 
the following rate of work : — 

Foot lbs. 

75 kilogrammetres per 

second 5424 

or 4,500 kilogrammetres 
per minute .... 32,549 

or 270,000 kilogram- 
metres per hour . . 1 ,952,948 
or about one seventieth part less than 
the British horse power. 

Cheveh, the termination cf a church 
behind the high altar, when of a 
semicircular or polygonal form. 

Chevron, a moulding of a zigzag 
character, of the Norman style parti- 
cularly, but sometimes to be found 
with the pointed arch. 

Chiaro-oscuro, a drawing made in 
two colours, black and white; also 
the art of advantageously distribut- 
ion 
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in g the lights and shadows which 
ought to appear in a picture, as well 
for the repose and satisfaction of the 
eye as for the effect of the whole to- 
gether. 

Chicory. The wild endive. The 
powder of the dried roots is like 
ground coffee, and has the odour of 
liquorice. It is used to flavour and 
adulterate coffee. 

Chief point, in heraldry is the upper- 
most part of an escutcheon. 

Chiliad, an assemblage of several 
things ranged by thousands; ap- 
plied also to tables of logarithms, 
which were at first divided into thou- 
sands. 

Chiliaedron, a solid figure of a thou- 
sand faces. 

Chiliagon, in geometry , a regular 
plane figure of a thousand sides and 
angles. 

Chill-casting, in metallurgy , the pro- 
cess of casting a melted fluid metal 
into a cold metallic mould, so as to 
cause the most sudden cooling pos- 
sible. 

Chilled, case-hardened. 

Chimes, a set of bells tuned to the 
modern musical scale, and struck by 
hammers acted on by a pinned 
cylinder, or barrel which revolves 
by means of clock-work: also ap- 
plied to the music or tune produced 
by mechanical means from the 
bells in a steeple, tower, or common 
clock. 

Chimming, in mining , a process of 
dressing ore in a tub or keevc. 

Chimney, an opening for the escape 
of the products of combustion. In 
locomotive engines , the chimney is 
regulated in size for each engine so 
as to act in union with the blast- 
pipe, to produce a proper blast on 
the fire. This is done by each 
exhaust of steam from the cylinders 
creating a partial vacuum in the 
chimney : hence a rush of air takes 
place through the fire and tubes to 
fill this vacuum ; and these succes- 
sive rushes of air blow the tire. 

Chimney-pieces. The Egyptians, 
the Creeks, and the Romans, to 
whom architecture is so much in- 
debted in other respects, living in 
warm climates, where fires in the 
apartments were seldom necessary, 
did not require chimney-pieces. 
Palladio only mentions two, which 
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stood in the middle of the rooms, 
and consisted of columns, supporting 
architraves, whereon were placed the 
pyramids or funnels through which 
the smoke was conveyed. Scamozzi 
mentions only three in his time, 
placed similarly. In England, Inigo 
Jones designed some very elaborate 
chimney-pieces. The size of the 
chimney must depend upon the di- 
mensions of the room wherein it is 
placed: the chimney should alv, r ays 
be situated so as to be immediately 
seen by those who enter. The middle 
of the side partition wall is the best 
place in halls, saloons, and other 
rooms of passage, to which the prin- 
cipal entrances are commonly in the 
middle of the front or of the back 
wall ; but in drawing-rooms, dress- 
ing-rooms, etc., the middle of the 
back wall is the best situation ; the 
chimney being then farthest re- 
moved from the doors of communica- 
tion. 

China clay. A clay found in the 
districts of Western England where 
granite prevails. (See Kaolin.) 
About 150,000 tons are produced an- 
nually in Cornwall, and 35,000 tons 
in Devonshire. 

China grass, the fibre of a species of 
nettle, woven into a soft silky tex- 
ture. The commoner varieties are 
imported from China, and used for 
rope-making. 

China ink. It is stated that true 
China ink is made from the soot of 
burning camphor, mixed with some 
gelatinous fluid. Many imitations 
of it are sold. 

China stone. Pe-tunt-se of the 
Chinese. A semi-decomposed tal- 
cose granite, used for glazing fine 
pottery. 

Chinese architecture, a style pecu- 
liar to China, where the material 
employed is principally wood. The 
Pagoda is its more prominent feature, 
and its ornaments almost invaluably 
include monstrous animals and un- 
natural plants. It is a style not 
congenial to English taste or cli- 
mate. 

Chinese blue, a mixture of ultrama- 
rine, or of cobalt blue, with flake 
white. 

Chinese white. White oxide ol 
zinc. 

Chinese yellow (colour), a very 
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bright sulphnret of arsenic, formerly- 
brought from China. 

Chink, in mining, a joint in a vein 
through which air or water flows. 

Chinse, to thrust oakum into seams 
w ith a small iron. 

Chintz or Chints, fine printed 
calico. 

Chios turpentine, the resinous exu- 
dation from the Pistacia terebinthus, 
growing in Syria. 

Chipper s, in mining, women who 
dress the best or ‘ bing ore ’ in lead 
mines. 

Chart, hi mining , a flinty substance of 
great hardne&s found in limestone. 

Chisel, in metallurgy , a tool with the 
lower part in the form of a wedge, 
for cutting iron plate or bar, and 
with the upper part flat, to receive 
the blows of a hammer, in order to 
force the cutting edge through the 
substance of the iron. In car- 

pentry, a chisel is an edge tool for 
cutting wood, either by leaning on 
it or by striking it with a mallet. 
The lower part of the chisel is the 
frustum of a cuneus or wedge ; the 
cutting edge is always on and gene- 
rally at right angles to the side. 
The basil is ground entirely from 
one side. The two sides taper in a 
small degree upwards, but the two 
narrow surfaces taper downwards in 
a greater degree. The upper part of 
the iron has a shoulder, w liicli is a 
plane surface at right angles to the 
middle line of the chisel. From this 
plane surface rises a prong in the 
form of a square pyramid, the middle 
line of which is the same as the 
middle line cf the wedge : the prong 
is inserted and fixed in a socket of a 
piece of wood of the same form : this 
piece of wood is called the handle, 
and is generally the frustum of an 
octagonal pyramid, the middle line 
of which is the same as that of the 
chisel: the tapering sides of the 
handle diminish downwards, and 
terminate upwards in an octagonal 
dome. The use of the shoulder is 
for preventing the prong from split- 
ting the handle while being struck 
with the mallet. The chisei is made 
stronger from the cutting-edge to 
the shoulder, as it is sometimes used 
as a lever, the prop being at or very 
near the middle, the power at the 
handle, and the resistance at the 


cutting-edge. Some chisels are 
made with iron on one side and steel 
on the other, and others consist en- 
tirely of steel. There are several 
kinds of chisels, as the mortise-chisel, 
the ripping-chisel, and the socket- 
chisel. 

Chisel, the firmer, is formed in the 
lower part similar to the socket- 
chisel ; but each of the edges above 
the prismoidal part falls into an 
equal concavity, and diminishes 
upwards until the substance of the 
metal between the concave narrow 
surfaces becomes equal in thickness 
to the substance of that between the 
other two sides, produced in a straight 
line, and meeting a protuberance 
projecting equally on each side. 
The firmer chisel is used by carpen 
ters and joiners in cutting away the 
superfluous wood by thin chips : the 
best are made of cast steel. When 
there is a great deal of superfluous 
wood to be cut away, sometimes a 
stronger chisel, consisting of an iron 
back and steel face, is first used, by- 
driving it into the wood with a mal- 
let ; and then a slighter one, con- 
sisting entirely of steel sharpened 
to a very fine edge, is used in the 
finish. The first used is called a 
firmer, and the last a paring chisel, in 
the application of which only the 
shoulder or hand is employed in 
forcing it into the wood. 

Chisel, the mortise, is made exceed- 
ingly strong, for cutting out a rec- 
tangular prismatic cavity across the 
fibres, quite through or very deep in 
a piece of wood, for the purpose of 
inserting a rectangular pin of the 
same form on the end of another 
piece, and thereby uniting the two. 
Tiie cavity is called a mortise, and 
the pin inserted a tenon ; and the 
chisel used for cutting out the cavity 
is, therefore, called a mortise-chisel. 
As the thickness of this chisel from 
the face to the back is great, in order 
to withstand the percussive force of 
the mallet, and as the angle which 
the basil makes with the face is about 
23°, the slant dimension of the basil 
is very great. This chisel is only 
used by percussive force given by 
the mallet. 

Chisel, the ripping, is only an old 
socket-chisel used in cutting holes in 
walls for inserting plugs, and for 
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separating wood that has been nailed 
together, etc. 

Chisel, the socket, is used for cutting 
excavations : the lower part is a 
prismoid, the sides of which taper in 
a small degree upwards, and the 
edges considerably downwards : one 
Bide consists of steel, and the other of 
iron. The under end is ground into 
the form of a wedge, forming the 
basil on the iron side, and the cutting- 
edge on the lower end of the steel 
face. From the upper end of the 
prismoidal part rises the frustum of 
a hollow cone, increasing in diameter 
upwards: the cavity or socket con- 
tains a handle of wood of the same 
conic form : the axis of the handle, 
the hollcfw cone, and the middle line 
of the frustum, are all in the same 
straight line. The socket-chisel, 
which is commonly about 1£ or 
inch broad, is chiefly used in cutting 
mortises, and may be said to be the 
same as the mortise-chisel employed 
in joinery. 

Chisel, in turnery , a flat tool, skewed 
in a small degree at the end, and 
bevelled from each side, so as to make 
the cutting-edge in the middle of its 
thickness. 

Chloride or Muriate of Cobalt 

( Blue Sympathetic Ink). A solution 
of the pure metal dissolved in muri- 
atic acid. The solution is rose-colour, 
but if placed on paper is scarcely 
visible, until the paper is slightly 
warmed, when it becomes a beautiful 
blue colour. 

Chloride of sodium, a compound of 
the metal sodium and the element 
chlorine; this is the common table 
salt and was formerly known as 
muriate of soda. It is a natural 
product, existing in sea-water and in 
mines of immense extent. 

Chlorine. This was originally supposed 
to be a compound body, but was dis- 
covered to be an elementary one by 
Sir Humphry Davy, in 1810. The 
gas has a greenish yellow colour and 
may, by pressure, be condensed into 
a liquid, though it expands again 
into gas immediately the pressure is 
removed.. The odour is very suffo- 
cating, and is extremely injurious to 
animal life. 

Chlorometry, the process by which 
is determined the commercial value 
of substances containing chlorine, or 
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from -which chlorine may be rendered 
available. 

Chock, in navigation , a wedge used to 
secure any thing with, or for anything 
to rest upon. The long-boat rests 
upon two large chocks when it is 
stowed. 

Chocolate lead, a pigment prepared 
by calcinating oxide of lead with 
about a third of that of copper, and 
reducing the compound to a uniform 
tint by levigation. 

Choir, ihit part of the church in 
which the service is sung; in many 
churches it is divided from the nave 
by a rood screen ; in nunneries it is 
separated from the body of the 
church by a grating. The word is 
also used in music to denote a band 
of singers. 

Choke. In mining , an adit is said to 
be choked when any earth or stone 
falls in and prevents the current of 
water through it : the place or part 
so tilled is called ‘ the choke/ 

Choke or Choak damp, after damp. 
Black damp. Chiefly carbonic acid, 
formed as the consequence of the 
explosion of Fire damp. 

Chopping-block, a block of wood 
used for reducing bricks to their in- 
tended form by axing them : it is 
made of any chance piece that can 
be obtained, and commonly from 6 to 
8 inches square, supported generally 
upon two 14-inch brick piers, if two 
men are to work at it ; but if four 
men, the chopping-block must be 
lengthened and supported by three 
piers, and so on, according’ to the 
number : it is about 2 feet 3 inches 
in height. 

Choragic monuments, in Grecian 
story, monuments in honour of those 
who had gained a prize as choragus 
or leader of the play and choruses. 
The choragic monument of Lyri- 
crates, known as the Lantern of 
Demosthenes, was built in the 111th 
Olympiad, and is still entire: it is 
considered the most exquisite and 
perfect specimen of the orders. 
Choragic monument of Thrasycles, 
now the church of our Lady of the 
Grotto. It is built against the rock 
of the Acropolis: above it stand two 
columns, on which tripods have been 
placed, and on each side of it the 
rock has been chiseled away in such 
form as evidently shews that similar 
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buildings had been erected contiguous 
to it. 

Chord, in geometry, is the right line 
joining the extremities of any arc of 
a circle. 

Chorobates (Greek), an instrument 
for determining the slope of an aque- 
duct, and the levels of the country 
through which it was to pass. It 
differed but slightly from a common 
carpenter’s level, which consists of a 
straight rule supporting a perpen- 
dicular piece, against which hangs a 
plumb-line. 

Chorography, the art of making a 
map of a particular country or pro- 
vince, or of teaching geography. 

Chromate of copper, a brown pig- 
ment formed by adding a solution of 
chromate of potash to a solution of 
sulphate of copper. 

Chromate of mercury is improperly 
classed as a red with vermilion ; 
for though it is of a bright ochreous 
red colour in powder, it is, when 
ground, of a bright orange ochre 
hue, and affords, with white, very 
pure orange-coloured tints. 

Chromate of lead. (See Chrome 
Yellow.') 

Chromatic, in music , denotes acci- 
dental semitones. 

Chromatics, a division of the science 
of optics, by which the properties of 
the colours of light and of natural 
bodies are illustrated. There are 
three species of optical effects of 
colours, — the refraction of prisms 
and lenses, the transmission of light 
through transparent media, and the 
reflection of specula, etc. 

Chromatype, a photographic process 
discovered by the editor of this 
dictionary, and published at the 
meeting of the British Association at 
Cork, in which bi-chromate of potash 
is the principal agent. It is a beau- 
tiful and easy process, and very use- 
ful and correct for copying botanical 
specimens, etc. It is the basis upon 
which the various printing processes 
known as Autotype, Heliotype, 
Woodbury type, etc., are founded. 
(See Photography.') 

Chrome greens are compound pig- 
ments of which chrome yellow is the 
principal colouring substance. 

Chrome iron, the only ore of chro- 
mium which occurs in sufficient 
quantity for the purposes of art. 
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Chrome ore was first discovered in the 
Banat and the Yar in Trance. It is 
also found in Saxony, in Styria, in 
the Ural mountains, and in some 
parts of Scotland. The chief appli- 
cation is the manufacture of chro- 
mate of potash. 

Chrome orange is a beautiful 
orange pigment, and one of the most 
durable and least exceptional chro- 
mates of lead, but not of iron. 

Chrome yellow is a pigment of mo- 
dern introduction into general use, 
and of which there are many varie- 
ties, mostly chromates of lead. They 
are distinguished by the pureness, 
beauty, and brilliancy of their 
colours, which qualities are great 
temptations to their use in the hands 
of the painter ; they are, however, 
far from unexceptionable pigments. 

Chromium, a metal, found either in 
the form of chromate of lead or chro- 
mate of iron. 

Chromium, oxide of, the green 
oxide of chromium used extensively 
as an enamel colour for porcelain. 

Chronometer, a time-keeper, used 
fur determining the longitude at sea, 
and for other purposes where great 
accuracy is required. 

Chronometrical governor, an im- 
proved regulator for rendering the 
mean velocity of an engine uniform. 
The mechanism is as follows: a 
spindle placed vertically has a pulley 
fixed upon the top, to receive motion 
from the crank-shaft ; below the 
pulley two bevel-wheels of equal 
diameters are placed face to face ; 
the upper wheel is fixed to the 
spindle, and the lower one is free to 
turn upon it, and has an arm or 
crank attached to its under side, to 
act as a driver for the pendulous 
ball: between the two wheels, and 
communicating with them, is a third 
wheel, fixed upon a spindle placed 
horizontally, and connected at one 
end with the vertical spindle, so as 
to turn round it; the other end is 
supported by a carriage resting upon 
a plate, and is connected with a 
spring or counter weight on one 
side, and on the other side with the 
throttle-valve ; the ball being sus- 
pended from a spherical bearing near 
the top of the rod. The spring is 
adjusted so that when the velocity 
of the engine is as required, the 
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upper and lower wheels revolve at 
the same speed : when the velocity 
increases, the centrifugal force causes 
the ball to rise, and retards the 
motion of the lower wheel ; then 
the intermediate wheel distends the 
spring, and moves forward upon the 
lower wheel as a rack, and closes the 
throttle-valve : when the velocity 
diminishes, the ball falls, and the 
lower wheel requires less power, so 
that the spring pulls back the inter- 
mediate wheel and opens tlxe valve. 
The above is a modification of Mr. 
James Wood’s governor, and is 
patented by Mr. C. W. Siemens. 

Chrysoberyl, a stone found princi- 
pally in Brazil ; it is an aluminous 
stone, semi-transparent and of a 
green colour. 

Chrysocolla. (See Bice.) 

Chrysolite, a precious stone, probably 
the tenth on the high-priest's pec- 
toral, bearing the name of Zebulon : 
it is transparent, the colour of gold, 
with a mixture of green, which dis- 
plays a fine lustre. 

Chrysophrase, a variety of quartz 
of an apple-green colour, it is nearly 
as hard as flint and is semi-transpa- 
rent. 

Chrysotype, a photographic procets 
invented by Sir John Herschel. 
(See Photography.) 

Chuck, a piece of wood or metal fixed 
on the end of the mandril for keep- 
ing tast the body to be turned. 

Chun an, the name given in India to 
lime. 

Church Music. By this term is com- 
monly understood all music set to 
words of a sacred character: hence 
we have not only the language of 
Scripture set to music in the shape 
of anthems, etc., but also metrical 
versions and paraphrases thereof, 
Vised and considered by many as 
church music. Indeed it too often 
happens that these are adapted to 
secular melodies — melodies not ori- 
ginally intended to be applied to 
words of a sacred character, and yet 
the music is then termed sacred, 
probably from an idea that there h 
no such thing as sacred and profane 
music. But this is a great error, 
and arises solely from ignorance of 
the existence of sacred music, — we 
mean especially church music. Ex- 
amine any of the ancient authorised 
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liturgical books, and there will be 
found an order of music that cannot 
be mistaken for profane, which is not 
only sacred in its character, but 
eminently grand, dignified, noble, 
and sublime; in short, it is for 
church purposes so superior to all 
other music, that it alone can pro- 
perly be called church music. 

Church music is the music of the 
holy offices, — is that music in which 
the whole church , priests and people, 
can participate. It is easy to exe- 
cute, being simple and plain (plain 
chant). It can be sung by every 
one, and is always most majestic 
when sung by all ; hence it is also 
called the full chant (cantus plenus). 

For a long period, and until veiy ^ 
lately, scarcely a remnant of church 
music was to be found, even in those 
places where we had a right to ex- 
pect to find it : the plain chant was 
banished entirely in some places, and 
mutilated in others, so that it could 
scarcely be discerned ; but it is now 
being restored, and we hear the 
priest intoning his part in the offices 
of morning and evening prayer, and 
the people singing, in response, the 
ancient authorised melodies of the 
church ; — we hear the Psalter 
chanted to fine old (so called) Gre- 
gorian tones ; — we hear the Litany 
chanted to its own proper music, that 
of the church : we also hear the 
soul-stirring music in the Com- 
munion office, the Gloria in excels is, 
the Credo, and Sanctus ; the latter 
moreover in its proper place. 

Before the latter half of the 15th 
century, the liturgy was chanted in 
unison ; and it is liom this period we 
can trace the gradual departure from 
the rigid church style of muric, in 
the compositions of Josquin de Pres 
especially. In the early part of the 
Pith century, wc find that Adrian 
Willaert, who was made singing- 
master at St. Mark’s, V( nice, was 
the first who harmonised the psalm 
melodies for two or more choirs ; 
tin n followed the motet, or harmo- 
nic d antiphon, which before had 
been chanted in unison, as it is done 
at this day in the Roman Catholic 
chapels in England, where there are 
not accomplished singing men to 
perform the motet. During this 
century, the use of harmony had 
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not only driven the people away 
from, their part in the performance 
of the service, but also corrupted the 
music itself so much, that it was only 
saved from being wholly forbidden 
by the grave and devotional motets 
and other compositions of the re- 
nowned Palestrina, whose works 
were imitated with great success by 
the disciples of his school, and this 
in a very eminent degree by the 
English church musicians. The 
harmonies used by Tallis, Morley, 
Gibbons, and the rest of the masters 
of church music of this age, are truly 
sublime. 

Church ornament consists princi- 
pally of the painted and stained 
glass windows of the emblem of the 
Trinity, of the passion of our Lord, 
of the evangelists, sacred monograms, 
statues of the holy apostles, of the 
holy evangelists, and of the saints 
commemorated by the church. 

Church in rotundo, that whose plan 
is a perfect circle, in imitation of the 
Pantheon. 

Chymol, a hinge, anciently called a 
grimmer. 

Ciborium, an arch supported by 
four pillars placed over the high 
altar. 

Cilery, in architecture , the drapery or 
levage that is wrought upou the 
head of pillars. 

Cill, the timber or stone at the foot. 
Ground-eills are the timbers on the 
ground which support the posts and 
superstructure. 

Cimellare, the vestry or room where 
plate, vestments, and other rich 
things belonging to the church are 
kept. 

Cincture, a ring, list, or fillet at the 
top and bottom of a column, serving 
to divide the shaft from the capital 
and its base. 

Cinder, in metallurgy , the slags which 
are separated from the metal in the 
processes of smelting, retining, etc. 

‘ The word cinder is commonly used 
in our iron-works instead of slag, 
and I shall accordingly employ the 
two as synonymous. The cinders 
which are produced in tiring are 
silicates of protoxide of iron, never 
more highly basic than tribasie, in 
association with compounds or mix- 
tures of protoxide of iron, and vari- 
able proportions of sesquioxide of 


iron, but chiefly of the former.’— 
Percy’s Metallurgy. 

Cinder-fall, in metallurgy , the in- 
clined plane down which the molten 
slag escaping through the cinder- 
notch of a blast-furnace falls. 

Cinder-frame, in locomotive engines 
a wire-work frame placed in front of 
the tubes, to arrest the ascent of 
large pieces of ignited coke. 

Cinder-notch., in metallurgy , a notch 
at the upper part of the dam of a 
blast-furnace, over which the stream 
of molten slag flows. 

Cinder-tubs, in metallurgy , a trench 
of iron constructed to receive the 
slag as it flows from the blast-furnace 
over the cinder-fall. 

Cinders, a name given to coke, 

‘In 1781 the Earl of Dundonald 
obtained a patent for the extracting 
of tar, pitch, essential oils, volatile 
alkalies, mineral acids and salts, and 
the making of cinders (coke), from 
pit coal.” 5 — Percy . 

Cinerary urns, urns which were 
formerly used to contain the ashes of 
the dead after they had been burnt 
in the funeral pile. 

Cinnabar, a red pigment: either a 
native or artificial compound of sul- 
phur and mercury. 

Cinque -cento, a term generally 
architecturally applied to the Re- 
vival of art, coeval with the early 
Tudor style in England and the 
Renaissance style in France. — In 
1506 the church of St. Peter’s at 
Rome was commenced byBramante, 
the greatest monument of the revived 
classical or Cinque-ccnto style ot 
architecture, and on the death of 
Bramante, in 1514, the great Raf- 
faello continued the building. The 
Loggia V aticano is a monument of 
his fame for its design and orna- 
mentation. (See Architecture.') 

Cinque -foil, an ornamental foliation 
or leathering, used in the arches of 
the lights and tracery of windows, 
panellings, etc. 

Cinque Ports, the sea-port towns of 
Dover, Sandwich, Hastings, Hythe, 
and Romney, to which three others 
were afterwards added, viz. Win- 
chelsea, Rye, and Seaford. These 
towns possess peculiar privileges, 
and are under the government of a 
Lord Warden. ’ 

Cipher, a secret mode of writing. 
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Cipollino is a name given by the 
Italians to an impure marble, which 
containing veins of schistose, de- 
composes and falls off in flakes like 
the coats of an onion. 

Cippus (Latin), a low column, some- 
times round, but more frequently 
rectangular, used as a sepulchral 
monument. 

Circinus, a pair of compasses. Those 
used by statuaries, architects, ma- 
sons, carpenters, etc., were often re- 
presented on their tombs. According 
to Vitruvius, a pair of compasses 
employed by architects, carpenters, 
etc., for describing circles, measuring 
distances, and taking the thickness ; 
of solids. 

Circle, a plain figure contained by one 
line, which is called the circum- 
ference, and is such that all straight 
lines drawn from a certain point 
within the figure to the circum- 
ference are equal to one another, and 
this point is called the centre of he 
circle. 

The circumference of a circle is , 
known to be about 3*14159 times its 
diameter, or, in other words, the ratio 
of the circumference to the diameter 
is represented by 3*14159: for this 
number writers generally put the 
Greek letter v. 

Circular sailing is that which is 
performed on the arc of a great 
circle. 

Circular saw. Circular saws, revolv- 
ing upon an axis, have the advan- 
tage that they act continually in the 
same direction, and no force is lost 
by a backward stroke : they are al-o 
susceptible of much greater velocity 
than the recipr03ating saws, an ad- 
vantage which enables them to cut 
more smoothly : used principally for 
cutting mahogany for veneering, and 
for other woods cut into thin layers. 

Circus, an area used by the Romans 
for chariot-races and horse-races, and 
for other public sports. 

Ciselure, the process of chasing on 
metals. 

Cissoid of Diodes, in the higher geo - 
metnj, a curve line of the second 
order. 

Cistern. There were cisterns through- 
out Palestine, in cities and in private 
houses. As the cities were mostly 
built on mountains, and the rains 
fall in Judea at two seasons only 
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(spring and autumn), people were 
obliged to keep water in vessels. 
There are cisterns of very large di- 
mensions at this day in Palestine. 
Near Bethlehem are the cisterns or 
pools of Solomon : they are three in 
number, situated in the sloping 
hollow of a mountain, one above an- 
other, so that the waters of the 
uppermost descend into the second, 
and those of the second descend into 
the third. The breadth is nearly the 
same in all, between 80 and 90 paces, 
but the length varies : the first is 
about 160 paces long; the second, 
200 ; the third, 220. These pools 
formerly supplied the town of Beth- 
lehem and the city of Jerusalem 
with water. Wells and cisterns, 
fountains and springs, are seldom 

correctly described in Scripture. 

In the steam-engine , the vessel which 
surrounds the condenser, and con- 
tains the injection water. 

Cisterna, an artificial tank or reser- 
voir, sunk in the ground and covered 
in with a roof, for the purpose of 
collecting and preserving good water 
for the use of a household. Near 
the baths of Titus are nine subter- 
raneous cisterns, 17A feet wide, 12 
feet high, and above 137 feet long. 

Citadel, a fortress in or near a city, 
placed there for its defence. 

Citrine, or the colour of the citron, 
i-s the first of the tertiary class of 
colour^, or ultimate compounds of the 
primary triad, yellow, red, and blue, 
in which yellow is the archeus or 
predominating colour, and blue the 
extreme subordinate ; for citrine 
being an immediate compound of 
secondaries, orange and green, of 
both which yellow is a constituent, 
the latter colour is of double occur- 
rence therein, while the other two 
primaries enter singly into the com- 
position of citrine ; its mean or middle 
hue comprehending eight blue, five 
red, and six yellow, of equal intensi- 
ties. 

Citrine lake is a durable and better 
drying species of brown pink, pre- 
pared from the quercitron bark. 

City, a town, an incorporated town, a 
town having had a bishop’s sec. 

Clack, the valve of a pump piston.— 
The can-lead, in Derbyshire. 

Clacks, in locomotive engines , the 
complete valves of the pumps where 
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' the ball- valve is enclosed in a frame 

or cage, to limit its rise, and guide 
its fall into the steam-tight seat of 
the orifice of the pipe. 

Clack-box, in locomotive engines , the 
box fitted on to the boiler where a 
ball-clack is placed, to close the 
orifice of the feed-pipe, and prevent 
steam or hot water reaching the 
pumps. The ball of the clack is 
raised from its seat by the stroke of 
the pump-plunger forcing the water 
against it, which water then passes 
into the boiler, while the instant fall 
of the ball prevents egress from the 
boiler. 

Clack- door, a square iron-plate 
screwed on to the side of a bottom- 
pump, or small bore for convenience 
of changing the clack or valve. 
Clack-seats, in locomotive engines, 
two recesses in each pump, for the 
, clacks to fit into, 
j Clack-valve, in the steam engine , a 
'i flat valve in the cold-water pump, 
with a hinge joint. 

4 Clair-obscure, a term used in paint- 
ing to describe light and shade, the 
same as chiaro-oscuro, which see. 
Clamp, a kiln built above the ground, 
i for the purpose of burning bricks in. 
f *Clamp, a piece of wood fixed to the 
i end of a board by mortise and tenon, 

' or by groove and tongue, so that the 
‘ fibres of the one piece, thus fixed, 
traverse those of the board, and by 
this means prevent it from casting: 
the piece at the end is called a clamp, 
$ and the board is said to be clamped, 
i Clamps, in naval architecture , thick 
planks in a ship’s side, which sup- 
* port the ends of the beams. 

"! Clamping, in joinery : when a piece 
4 of board is fitted with the grain to 
f the end of another piece of board 
$ across the grain, the first board is 
said to be clamped. 

Clamp-nails, used to fasten on clamps 
in the building of ships. 

Clasp-nails are such with heads 
brought into a little compass, so that 
they will sink into the wood. 

Classic Orders, in architecture : of 
these there are but three , — the Doric, 
Ionic, and Corinthian : two others, 
the Tuscan and Composite, are often 
improperly classed with them, and 
the whole denominated * the five 
orders of architecture.’ (See Archi- 
tecture .) 


Clausutra, brushwood for fences and 
hedges 

Clay, a name given to hydrous silicates 
of alumina derived generally from 
the decompositions of some of the 
older rocks. These are slate clay, 
jire clay, potter's clay , plastic clay , 
china clay ox porcelain clay , common 
clay or loam. Specific gravity, 2*0 ; 
weight of a cubic foot, 125 lbs. 

Clay, iron stone, argillaceous carbo- 
nate of iron of the coal measures. It 
is largely used in the manufacture of 
pig iron. 

Clay, slate, an argillaceous schist. 
The mining district of Cornwall is 
chiefly composed of this rock, locally 
called Killas. 

Claying, in mining, lining a bore-hole 
with clay to keep the powder dry. 

Cleading, in locomotive engines, is 
usually made of narrow strips of 
timber, neatly fitted round the boiler 
and fire-box, to prevent the radiation 
of the heat. Externally, this is 
sometimes covered with zinc, and a 
coating of dry hair felt is commonly 
placed between the boiler and the 
timber, for the same purpose. 

Clear, in architecture, inside work. 

Clearing house, the house in which 
bankers exchange their cheques, and 
railway clerks their tickets, and 
arrange their accounts. 

Clearing leys, in soapmaking, 
separating the soapy jelly from the 
spent ley. 

Clearing the deads, in mining , a 
term for clearing a shaft or drift, etc. 

Cleat, a piece of wood used in different 
parts of a vessel to belay ropes to. 

Cleavage, in geology, a structure 
peculiar to many of the sedimentary 
rocks, some of them showing a 
cleavage-lamination as regular as 
the leaves of a book. Slaty cleavage 
is dependent on the perfection of this 
foliation. 

Cleithral, a covered Greek temple. 

Cleithros, an enclosed place ; a 
temple whose roof covers or encloses 
it. 

Clench-bolts, in a ship , clenched at 
the ends where they come through. 

Clench-nails are such as will drive 
without splitting the board, and draw 
without breaking. 

Clepsydra, an instrument anciently 
used by the Egyptians to measure 
time by the running of water out of 
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one vessel into another ; it was an- 
alogous to our hour-glass, in which 
w~e use sand instead of water. 

Clerestory, an upper story or row of 
windows in a Gothic church, rising 
clear above the adjoining parts of the 
building. 

Clew, the lower comer of square-sails, 
and the after corner of a fore-and-aft 
sail. 

Clew- garnet, a rope for hauling up 
the clew of a fore-sail or main-sail in 
a square-rigged vessel. 

Clew-line, a rope for hauling up the 
clew of a square sail ; the clew- 
garnite is the clew-line of a course. 

Clicket, a latch-key; the latch of a 
door. 

Clinch, in navigation , the great ring 
connected with the mooring-chains. 

A half-hitch stopped to its own 

part. 

Clinker-bar, in steam-engines, the 
bar fixed across the top of the a?h- 
pit for supporting the rod* used fur 
clearing the fire-bars. 

Clinkers, bricks which, by the vio- 
lence of the fire, are run together and 
glazed over. Ilard bricks imported 
from Holland. 

Cloaca, a common sewer. The terra 
cloaca is generally used in reference 
to those spacious subterraneous 
vaults, either of stone or brick, 
through which the foul waters of the 
city, as well as all the streams 
brought to Rome by the aqueducts, 
finally discharged themselves into 
the Tiber ; according to Livv, a large 
subterranean canal, constructed of 
masonry or brick-work, for the pur- 
pose of carrying oft’ the rain-water 
from the streets of a town, and the 
impurities from private houses, which 
were thus discharged into some 
neighbouring river. 

Cloacarium, the sewers’ rate ; a tax 
which was levied in Rome for the 
expenses of cleansing and repairing 
the sewers. 

Cloister, a covered ambulatory, form- 
ing part of a monastic or collegiate 
establishment. Cloisters are always 
attached to a college cathedral, and 
arranged round three or four sides 
of a quadrangular area, with large 
windows, not often glazed, looking 
into the quadrangle. 

Close-hauled, a term applied to a 
vessel sailing with her yards braced 


up so as to get as much as possible 
to windward. 

Closer, a brick-back inserted where 
the distance will not permit of a 
brick in length. 

Closet, a small chamber or private 
loom. 

Clot or Clod bind, in mining , a local 
name, often employed in Derbyshire 
and Leicestershire for clays in va- 
rious states. 

Clouding, an effect produced by 
partially printing the warp, or by 
wrapping up in paper those parts 
which are not to be dyed. 

Clout-nails, used for nailing clouts 
on the axle-trees of the carriage. 

Clove-hitch, two half-hitches round 
a spar or other rope. 

Clove-hook, an iron clasp, in two 
paits, moving upon the same pivot 
and overlapping one another, used 
for bending chain-sheets to the ckws 
of «ails. 

Clubbing, drifting down a current 
with an anchor out. 

Club-haul, to bring a vessel’s head 
round on the other tack, bv letting 
go the lee anchor, and cutting or 
slipping the cable. 

Clue garnets, in navigation , tackles 
fixed to the clews or lower comers 
of the fore and main sail, to clew 
them up to the yards. 

Clunch, a local name for fire-clay oc- 
curring under a coal-seam, much 
used by the colliers in the Midland 
counties. 

Clunch lime, a kind of lime hi repute 
for water-works, found near Lewis in 
Sussex. 

Clustered column, a pier which con- 
sists of several columns or shafts 
clustered together. 

Cliitch, an apparatus for engaging or 
disengaging two shafts : it consists 
of two pieces of metal formed so that 
when placed together, projecting 
pieces on one (made to slide to and 
tro on the >haft, but turn with it) fit 
into recedes in the other, which is 
fixed on the driving shaft, so that the 
fin-t being pulled back, its shaft will 
remain at rest. 

Cooking, in ship-building, uniting 
pieces of spar by means of tabular 
projections, formed by cutting away 
the ‘•olid of one piece into a hollow, 
so a» tu make a projection in the 
other in such a manner that they 
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may correctly fit, the buts prevent- 
ing the pieces from drawing asunder. 

Coal. Coal is admitted by all to be 
of vegetable origin. Coal is found 
within a certain series of rocks. No 
coal being found in the Old Red Sand- 
stone rocks, and only the Tertiary 
coal or lignite or brown coal above 
the New lied Sandstone. The coal 
measures include the mountain lime- 
stone, millstone grit, the carboni- 
ferous sandstone and shales contain- 
ing the coal-beds intercalated, and 
the Permian rocks overlying them. 
The three great groups are : — 1. 
Lignites, a species of mineral char- 
coal or intermediate gradation from 
wood to coal ; 2. Ordinary bitumin- 
ous coal, of numerous varieties ; 3. 
Anthracite, found generally in con- 
nection with the lowest series. The 
coal-beds are indiscriminately ac- 
companied by rocks either of sand- 
stone or shale, which often rest upon 
fire-clay. This is often called the 
under clay, and is regarded as the 
soil in w'hich many of the coal plants 
grew. It is in the shale accompany- 
ing the coal that the fossil impres- 
sions are so numerous ; they are 
seldom found in the sandstones, or in 
the shales considerably distant from 
the coal-beds. The organic remains 
of coal formation consist of shells 
of freshwater, and, occasionally, of 
oceanic origin. The fossil land plants 
occur in great abundance and variety, 
belonging to extinct species, but 
bearing considerable analogy to those 
now growing only in tropical cli- 
mates. These plants are mostly 
succulent, and are of enormous 

. growth. Specific gravity, 1*269 ; 
weight of a cubic foot, 79*31 lbs. 
A London chaldron of 36 bushels 
weighs about 28 cwt., whence a 
bushel is 87 lbs (but is usually rated 
at 84 lbs.) A Newcastle chaldron, 
53 cwt. 

Coal-brasses, iron pyrites found in 
the coal. 

Coal-gas, heavy carburettcd hydro- 
gen. Coal-gas obtained by careful 
distillation of coal in iron retorts 
should be freed from the obnoxious 
vapours and gases, by being passed 
through lime, etc. It is then pro- 
pelled in streams through pipes, 
and issuing from small apertures, 
when lighted are called gas-lights, 


which should have a high illuminating 
power. 

Coal-tar, tar obtained from bitumi- 
nous coal in the manufacture of 
gas. 

Coamings, in ships, raised work round 
the hatches, to prevent water from 
getting down into the hold. 

Coat. Mast-coat is a piece of canvas 
tarred or painted, placed round a 
mast or bowsprit where it enters the 
deck. 

Coat, in building , a stratum or thick- 
ness of plaster-work. 

Cob (Cornish), to break or bruise : a 
cobber, a bruiser of tin. Cobbed ore 
is spalled which is broken out of the 
solid large stones with sledges, and 
not put to water, being the best ore : 
the same as i bing ore * in the lead- 
mines. 

Cobalt, the principal ores of cobalt are 
arsenical cobalt and grey cobalt. The 
metal, when pure, is of a white 
colour, inclining to bluish or steel 
grey: at the common temperature 
its specific gravity is more than 8*5. 

Cobalt-blue, the blue prepared from 
metallic cobalt, or its oxides, in- 
cluding Saxon blue, Dutch ultra- 
marine, Thenard’s blue, royal blue, 
Hungaiy blue, smalt, Zaffoe or 
enamel blue, and Dumont’s blue. 
These differ principally in their 
degrees of purity, from the nature of 
the earths with which they are com- 
pounded. 

Cobalt-green. There are two pig- 
ments of this denomination, the one a 
compound of cobalt blue and chromic 
yellow, which partakes of the quali- 
ties of those pigments, and may be 
formed on the pallet. 

Cobble, in metallurgy , a cobble is a ball 
withdrawn from the furnace before 
it has been sufficiently puddled. 

Cobbler, the name given to a puddler 
■who has produced an insufficiently 
puddled ball of iron. 

Cobbles, coal of a particular size. 

Coboose, Caboose, the place where 
the victuals are cooked on board of 
merchant and passenger ships. 

Cob -walls, ■walls formed of clay, 
chopped straw, and small stones. 
They were common in Devonshire 
and (Cornwall, but theyare rapidly dis- 
appearing. These Avails are generally 
2 feet in thickness, and they should be 
based upon either brick or stone 
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foundations. Like pise, these walls 
should only be carried up a few feet 
at a time, and left some weeks to 
settle and dry. These walls make 
very warm and healthy houses. 

Coca, a stimulating drug, which is 
masticated by the Peruvian Indians. 

Coceulus Indicus, Indian berry. 
The berry of a climbing tree found 
in Ceylon and Malabar ; said to be 
used for increasing the intoxicating 
power of beer. 

Cochineal, the female insect of the 
Coccus Cacti ; when dried it is ex- 
tremely rich in the finest red colour- 
ing matter, and has been long em- 
ployed in scarlet dyeing, and in the 
manufacture of carmine. 

Cochlea, a term used by the ancients 
to denote something of a spiral 
form ; a spiral pump for raising 
water, etc. 

Cock, or stop -cock, a kind of valve 
contrived for the purpose of permit- 
ting or arresting at pleasure the flow 
of a liquid through a pipe. 

Cock-boat, a small boat used on 
rivers. 

Cockle, in mining, the skiorl of the 
Swedes and the schorl of the 
Germans : a laminated mineral sub- 
stance of a blackish-brown colour, 
like tin. 

Cock -pit, that part of a ship which i& 
appropriated to the use of the sur- 
geon, being the place where the 
wounded are dressed : it is near the 
hatchway, and under the lower gun- 
deck. 

Cock-water, in mining , a stream of 
water brought into a trough to wash 
away the sand from tin-ore. 

Cocoa-nut shell. The substance of 
the shell of the cocoa-nut is very 
brittle, but it can be turned, and cups 
and vases are frequently made of it. 
Buttons are also made of cocoa-nut 
shell. 

Cocoa-nut tree and cocoa-nut. (See 
Palms.) 

Cocoa-wood, the wood of the palms ; 
it is seldom sound, but is used in 
turnery. 

Coctilis, according to Pliny, a brick 
hardened by burning. 

Cocus. (See Cocoa-wood.') 

Cod-line, an eighteen-thread line. 

Cod-liver oil, oil obtained from the 
livers of several varieties of the 
Gadicke family, especially the torsk. 
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Codilla of flax, the coarsest part of 
the fibre sorted out by itself. 

Coe, in mining , in Derbyshire, a small 
cabin built over a shaft, to shelter it 
and the miners. 

Co -efficients, in algebra , are numbers 
or letters prefixed to other letters or 
unknown quantities, into which they 
are supposed to be multiplied ; 
and therefore with such letters, or 
the quantities represented by them, 
making a product, or co-efficient pro- 
duct. 

Coelum, according to Vitruvius, a 
soffit or ceiling. 

Ccenobium, anciently a monastery of 
monks or friars. 

Cofer, in Cornish mining, a small 

wooden trough which receives the tj 
tin cleaned from its impurities or 
slime. v 

Cofering, putting a ridge of clay 
around a shaft to keep water from 
flowing into it. 

Coffee-tree, a wood of a light 
greenish-brown, close-grained, and 
small in stature, sometimes used by 
cabinet-makers. 

Coffer, a deep panel in a ceiling ; also 
applied to a casket for keeping jewels, 
and sometimes to a chest. 

Coffer-dam, a hollow space formed 
by a double range of piles, with clay 
rammed in between, for the purpose 
of constructing an entrance lock to a 
canal, dock, or basin, or for the piera 
of a bridge. 

Coffin, in Cornish mining, old workings 
which were all worked open to grass, 
without any shafts, by digging and 
casting up the tin stuff from one stall 
of boards to another.— A wooden case 
in which a dead body is placed, some- 
times encased in lead : anciently, 
stone coffins were used for interment. 

Cog, in mining , a square of rough 
stones or coal left to support the roof 
during the operation of holing. — 

The wooden tooth of a large wheel. 

Cogger, in mining , one who builds up 
cogs. 

Cogging, a species of notch, made 
u>c of in tailing joists or wall- ^ 
plates. 

Cog-teeth are formed of a different 
material from the body of the wheel : 
a timber tooth on a cog-wheel is one 
made of wood, when the teeth stand 
perpendicularly bo the plane of the 
wheel. 


com 


cox 


L, 


f Cog-wheel, an iron wheel with wooden 
teeth or cogs. 

Cohesion, the attraction which takes 
place between the particles of bodies, 
denoting that force by which the 
particles firmly cohere. 

Cohesion of fluids. M. Monge and 
others assert that the phenomena of 
capillary tubes are referable to the 
cohesive attraction of the supeificial 
particles only of the fluids employed, 
and that the surface must conse- 
quently be formed into curves of the 
nature of linteariae, which are sup- 
posed to be the results of a uniform 
f tension of a surface resisting the 
pressure of a fluid, either uniform 
«■ or varying according to a given law. 
J Cohesion and resistance of fluids, 
* as examined by the force of torsion. 
Pressure does not augment the fric- 
tion ; on the contrary, the resistance 
is greater the when immersion is 
only partial. Greasing wood does not 
lessen the friction : the friction of oil 
y is 17^ times as great as that of water. 
4 A part of the friction is proportional 
*■ to the velocity : the constant part is 
t almost insensible. Thus a circle 
*195 metre in diameter, turning in 
) water with a velocity equal to 'll m. 
j in 1", meets a resistance equivalent to 
. a weight of 1 gramme acting on a 
| lever of -143 m. The portion pro- 
portional to the velocity is equivalent 
.J to -042 gr. for a surface equal to 
~ twice such a circle moving in its own 
2 direction with a velocity of ’01 m. 

1 Cohesive strength of materials. 
■I The force of cohesion may be defined 
to be that force by which the fibres 
; or particles of a body resist separa- 
tion, and is proportioned to the 
number of fibres in the body, or in the 
area of its section. 

. Coigne, a comer ; a wood wedge. 

- Coiling, a serpentine winding of ropes, 
by which they occupy a small space, 
and are not liable to be entangled in 
working the sails of a ship. 

Coin, or quoin, the angle of a build- 
ing ; used also for the machicolation 
of a wall. 

Coining, in the tin works , was for- 
merly the weighing and stamping 
the blocks of tin. 

Coir, the outer coating of the cocoa- 
nut. It is used for small cables and 
rigging ; it is also made into mats, 
and coarse coverings for floors. 


Coke, in metallurgy , coal from 
which the volatile matters have been 
expelled by the action of heat. In 
Plot’s ‘ History of Staffordshire * 
published in 1686, it is recorded that 
coal was charred in exactly the same 
manner as wood ; and, that the coal 
thus prepared was called ‘ coak,* 
which was capable of producing 
almost as strong a heat as charcoal 
itself : cinders and coke , or, as it was 
spelt, coak , were synonymous. The 
best kind of coke is obtained from 
coal when carbonised in large masses, 
in ovens constructed on purpose. 
Amongst the valuable secondary pro- 
ducts of a gas establishment is coke. 
In a gas manufactory, the production 
of coke being of minor importance to 
the formation of good gas, it is gene- 
rally of an inferior quality to that 
made in coke ovens, where it is the 
primary, and indeed sole object for 
which the coal is carbonised. But 
gas-coke is excellent for many pur- 
poses in the arts and manufactures, 
producing as clear a fire as that of 
the first quality, though it is neither 
so lasting nor so free from slag : for 
domestic use, however it is objec- 
tionable, as producing a very dry 
heat, and evolving carbonic oxide 
producing head-ache and many 
uncomfortable symptoms. It is in- 
variably the case that the quality of 
the coke is inversely as that of the 
gas. The manufacturer must not 
expect to produce both of the best 
quality. The process by which the 
best gas is made generally leaves 
the coke light, spongy, and friable, 
although an increase of quantity is 
gained ; for the simple reason, that 
the degree of heat and other circum- 
stances required to form perfect coke 
must be entirely changed when gas 
of a high specific gravity is to be 
obtained. Thus large masses of coal 
exposed to a red heat in close vessels 
are acted upon by slow degrees, the 
external portions preventing heat 
from penetrating into the interior 
until most of the bituminous portions 
are given off in condensable vapour, 
or as charcoal and free hydrogen; 
the after products being light carbu- 
retted hydrogen, carbonic oxide, and 
carbonic -acid gases. The residue i3 
a carbon of a dense granular compo- 
sition. 
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The distinguishing characters of 
good coke are, first, a clean, granu- 
lar fracture in any direction, with 
a pearly lustre, inclining to that 
exhibited by cast-iron. Secondly, 
density, or close proximity of its 
particles, which adhere together in 
masses, and specific gravity of 1*10, 
or rather higher. Thirdly, when 
exposed to a white heat, it consumes 
entirely away, without leaving slag. 
As prepared for use in locomotive 
and other steam-engines, it may be 
regarded as purified coal, or coal from 
which the extraneous matters not 
conducive to combustion have been 
expelled by the application of heat. 
It appears from experiments that the 
heating power of every description of 
fuel, whether coal, coke, wood, lignite, 
turf, or peat, is proportional to the 
quantity of carbon it contains, and 
that from 83 to 80 per cent, of this 
element enters into the composition 
of any given weight of Newcastle, 
Durham, or Lancashire coal, the 
other ingredients being hydrogen, 
azote, oxygen, and ashes. Thus, by 
coking in close ovens, Weksli coal 
loses about 30 per cent, of its weight ; 
but if the coking be effected in un- 
covered heaps of coarse lumps, as it 
often is in the Welsh coal and iron 
districts, the loss of weight is from 
50 to 55 per cent. While the weight 
is thus diminished by coking iu close 
ovens, the bulk is increased from 22 
to 23 per cent. The rapid and com- 
plete combustion of the carbon which 
takes place in the burning of coke 
has the effect of preventing, to a con- 
siderable extent, the emission of that 
palpable smoke which arises from the 
combustion of coal; and for this 
property coke was resorted to for 
use in locomotive engines, when the 
non-emission of smoke was imposed 
as one of the conditions upon which 
railway companies were empowered 
by Act of Parliament. The rail- 
ways have of late years returned to 
the u^e of coal. By a careful construc- 
tion of their fire-places and attention 
it is quite possible to prevent smoke 
from the chimney, and the smoke 
often seen pouring out of the funnel 
of a locomotive engine is entirely due 
to the carelessness of the stoker. By 
the use of coal instead of coke, the 
railway companies are saving many 


i thousands of pounds sterling an- 
nually. 

• Colander, a vessel perforated at the 
bottom with little holes for the pur- 
pose of straining liquors. 

Colarin, the little frieze of the capital 
of the Tuscan and Doric column, 
placed between the astragal and the 
annulets. 

Colation, the act of straining liquor 
by passing it through a perforated 
vessel. 

Cold-blast, in metallurgy, the process 
of smelting iron by blowing the 
furnace with cold air* 

Cold chisel, a piece of steel flattened 
and sharpened at one end, vliiehis 
properly tempered, so that it may be 
used for cutting metal. 

Cold-harbour, an inn ; a shelter from 
the cold ; a protection on the way- 
side for travellers benighted or be- 
numbed. 

Cold-short, in metallurgy , a term ap- 
plied to iron which is brittle w r hile 
cold. 

Cold-water well and reservoir. 

To effect the condensation of steam, 
the water is very commonly raised, 
by means of the cold-water pump, 
from a reservoir or well. This ab- 
sorbs from the engine some portion 
of its power. Indeed, when the 
wells are deep, the quantity of power 
thus expended is so great, that the 
condensing system can no longer 
be judiciously applied. This may 
be known by the following investiga- 
tion : 


Mute . — Multiply the weight of 
water, in pounds, by the feet through 
which it passes in a minute, and 
divide the product by 33,000; the 
quotient will exhibit, friction ex- 
cluded, the horses’ power expended. 

Example. — To condense 103° ; 
Weight of cold water 10 lb. 
per gallon, at G2° of tem- 
perature, 

Engine nominal power... 4 horses. 
Water, per horse power... 4 gals. 

Lift of do., or height 
raised, 230 feet per minute. 

Hence ^ x 'W X 230 . , , 

lieuce IrTioo — = h. power. 

Cold-water pump, the pump for 
supplying the water for condensa- 
tion. 

Collapse, the falling together as oi 
the sides of a hollow vessel. 
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Collar, the chain worn round the neck 
to which the Order of Knighthood is 
attached. Also the part of the gar- 
ment which surrounds the neck in 
ecclesiastical vestments. In ships , 
an eye in the end of the mandril 
next the chuck, in order to make 
the spindle run freely and exactly. 
A plate of metal screwed down upon 
the stuffing-box of a steam-engine, 
with a hole to allow the piston-rod 
to pass through. Of a shaft, the 
timber and boarding used to secure 
the uppermost part of a shaft in loose 
rubble from falling in. 

Collar-beam, a beam framed across 
and between two principal rafters. 

Colliery, the place where coal is dug, 
with its machinery and plant for 
discharging the water and raising 
the coal. Hence Collier , a person 
employed in a colliery ; and Collier, 
a vessel for convejfing coal. 

Collimator, an instrument for ascer- 
taining the horizontal point. 

Colliquation, smelting or dissolving 
anything by heat. 

Colliquefi action, the act of reducing 
different bodies into one mass by 
fusion. 

Collision, in mechanics. Whenever 
two bodies act on each other so as to 
change the direction of their relative 
motions, by means of any forces 
which preserve their activity undi- 
minished at equal distances on every 
side, the relative velocities with 
which the bodies approach to or re- 
cede from each other will always be 
equal at equal distances. 

Collodion, a solution of gun-cotton in 
ether ; it is used as the lilm spread 
upon Photographic glass plates, 
which film is rendered sensitive to 
the solar influences by being impreg- 
nated with the iodide of silver. (For 
Collodion Process , see Photography.') 
It has also been employed to form an 
artificial skin over wounds, to protect 
them from the action of the air. 

CoUuviarium, anciently a well or 
opening formed at intervals in the 
channel of an aqueduct for procuring 
a free current or air along its course, 
and to facilitate the operation of 
clearing away foul deposits left by 
the waters. 

Cologne earth is a native pigment, 
similar to the V andvke brown in its 
uses and properties as a colour. 


Colonnade, a range of columns, 
whether attached or insulated, and 
supporting an entablature. 

Colosseum, a name given to the 
theatre of Vespasian. 

Colossus, a statue of gigantic dimen- 
sions, or very much beyond the pro- 
portions of nature. 

Colour. The term colour being used 
synonymously for pigment is the 
cause of much ambiguity, particu- 
larly when speaking of colours as 
sensible or in the abstract ; it would 
be well, therefore, if the term pigment 
were alone used to denote the ma- 
terial colours of the pallet. 

Colouring, in painting , the art of dis- 
posing the tints, so as to produce 
either an imitation of the natural 
colours of the objects represented, or 
force and brightness of effect. Al- 
though a subject inferior to many 
others -which the painter must study, 
this is yet of sufficient importance to 
employ a considerable share of his 
attention; and to excel in it, he 
must be well acquainted with that 
part of optics which has the nature 
of light and colours for its object. 
Light, however simple it may appear, 
is made up of several distinct rays, 
and the number and quantity of 
these parts have been discovered by 
the moderns. 

Colourist, one who colours, and hence 
significantly, one who excels in 
giving the" proper colour to his 
designs. 

Colours, Fused. (See Fused 
Colours.) 

Colours, Mixed. (See Mixed 
Colours.) 

Colrake, in mining, an instrument 
used by the boys in washing the 
finely divided lead ore from the 
sludge or mud. 

Columbaria, or Columbary, a dove • 
cot ; the holes left in walls for the 
insertion of pieces of timber ; so- 
called from resembling the niches of 
a pigeon-house. The niches of a 
mausoleum, made to receive the 
cineial urns, were likewise termed 
columbaria. The columbarium was 
a place of sepulture used for the ashes 
of the Romans, after the custom of 
burning the dead had been intro- 
duced among them. 

Columbium, a metal discovered by 
Mr. Hatchett. It resembles iron 
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in colour; its ore is named colum - 
bite, 

Colmnen, the term applied to the 
upright timbers of a roof, corre- 
sponding to the modem kingposts. 

Column, in architecture , a member of 
a cylindrical form, placed upright 
for support of buildings, principally 
wrought in stone, and made decora- 
tive in conformity to the order and 
style of architectural composition. It 
consists of a base, a shaft or body, 
and a capital, and differs from the 
pilaster, which is square on the plan. 
(See Architecture.') 

An erect or elevated structure, | 
resembling a column in architecture; 
as, the astronomical column at Paris, 
a kind of hollow tower, with a spiral 
ascent to the top ; gnomonic column , 
a cylinder on which the hour of the j 
day is indicated by the shadow of a 
style; military column, among the j 
Romans ; triumphal column f etc. 

Column is also used to designate 
any body pressing perpendicularly on 
its base, and of the same diameter as 
its base ; as a column of water, air, 
or mercury. 

In the military art , a large body 
of troops drawn up in deep tiles, with 
a narrow front; as, a solid column. 
See, also, numbers of ships in a fleet 
following each other in order. 

In printing , a column signifies a 
division of a page ; a perpendicular 
set of lines separated from another 
set of lines by a line or blank space. 
In manuscript books and papers, any 
separate perpendicular line or row of 
words or figures. A page may con- 
tain two or more columns ; and, in 
arithmetic, many columns of figures 
may be added. 

The word column , in botany , is 
applied to the aggregate stamen of a 
plant when the filaments are united 
into a tube around the styles, as in 
the Malvaceous plants, which have 
been called Column if era 1 , i.e . column- 
bearers. The united stamens and 
styles of the plants of which the 
genus Orchis is the type, is called a 
column. 

In conchology , the upright pillar 
in the centre of most of the univalve 
shells, from its semblance to a column, 
is called Columella. 

Combustion, a chemical process, in 
which two substances at least, enter 
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into combination, and heat, light, and 
a new compound are the results. 
Thus when antimony in powder, or 
copper in the form of thin leaf, is 
presented to chlorine, a combination 
is instantly effected between these 
bodies, and* a chloride of antimony or 
of copper is the result, attended at 
the moment of combination with heat 
and light. It was formerly the cus- 
tom to speak of five supporters of 
combustion, viz. oxygen, chlorine, 
iodine, bromine, and fluorine ; but 
combustion may be produced without 
the presence of either of these, and 
by a large number of combinations. 
Oxygen is by far the most important, 
however, of the agents in producing 
the ordinary phenomena of combus- 
tion. It is one of the constituents of 
the atmosphere and of water; it 
enters abundantly into the compo- 
sition of most bodies in their natural 
state, and is altogether so important 
that without it no animal could live, 
no plant could grow, and, generally 
speaking, no flame could bum. The 
discovery of oxygen gas was made 
by Lavoisier, who burnt phosphorus 
in a jar of oxygen, and observed that 
much of the gas disappeared, and 
that the phosphoi us gained in weight; 
that the increase of the one was in 
the ratio of the decrease of the other. 
Iron wire burnt in oxygen gas gave 
a result equal to the wire employed, 
plus the weight of the oxygen that 
had disappeared. Mercury being 
confined in a vessel of oxygen, and 
exposed to the temperature of about 
600°, the gas combined with the 
metal, and the resulting oxide being 
heated to about 900°, was recon- 
vei ted into oxygen gas and metallic 
mercury; the quantity of oxygen 
thus recovered answering precisely 
to that employed in the first instance 
to produce the oxidation. In ordi- 
nary cases of combustion the heat 
evolved does not di pend upon the 
combustible, but upon the quantity 
of oxygen that enters into combina- 
tion. Thus, according to Despretz, 
1 lb. of oxygen, in combining respec- 
tively with hydrogen, charcoal, 
alcohol, etc., evolved in each case 
nearly the same amount of heat, 
each raising 29 lbs. of water from 32° 
to 312°. A given weight of different 
combustibles gives the comparative 
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quantities of heat represented by the 
following figures : — 

lbs. of water. 

1 lb. of pure charcoal 

raised ... 78 from 32° to 212° 
,, common wood 

charcoal . . 75 „ „ 

,, baked wood . 36 „ „ 

„ wood, holding 

20 per cent. 

of water . . 27 „ „ 

„ bituminous 

coal ... 60 „ ,, 

„ turf . . 2 5 to 30 „ ,, 

„ alcohol . . . 6S „ „ ' 

„ oil, wax . . JM „ n 

„ ether ... 80 „ „ 

„ hydrogen . 236 „ „ 

When combustion is unintentional, 
or is the result of ignorance or care- 
lessness, it is convenient to call it 
spontaneous combustion. Thus we 
frequently hear of hayricks, etc., on 
fire; occasionally of carts loaded 
with quick-lime being burned by the 
rain falling upon the lime. There 
are also accounts of coal in coal-yards, 
and especially in ships’ holds, being 
ignited in like manner. But the 
most important instance of this class, 
as far as regards the preservation of 
Government establishments, is the 
combustion that infallibly and rapidly 
ensues w r hen greasy he'mp, flax, or 
cotton is allowed to remain loosely 
heaped together, in any quantity, in 
a confined unventilated space. Full 
proof of this has been obtained in 
our dockyards ; and there is much 
reason to attribute many tires in 
former days, as for example the 
burning of the Imogene and Talavera, 
in Devonport dockyard, to this cause. 
In consequence of which, rigorous 
orders have been of late years issued 
as to the immediate disposal of loose 
oakum and hempsw’eepings — all more 
or less greased or oiled. 

Come. ‘Come home;* said of an 
anchor w r hen it is broken from the 
ground, and drags. To ‘ come up ’ a 
rope or tackle, is to slack it off. 
Come to nature* in metallurgy. 
‘Much of the iron had ‘‘come* to 
nature,” producing pasty masses in 
the liquid cinder. It is beautiful to 
witness this separation of the malle- 
able iron.’ — Percy. 

Commandry, a religious house be- 
longing to a body of knights of the 
order of St. Bernard and St. Anthony. 


Commissure, the joins between two 
stones, in masonry. 

Common pitch, an old term still ap- 
plied by country workmen to a roof 
in winch the length of the rafters 
is about three -fourths of the entire 
span. 

Common sewer, of Rome: it was 
near the Senatorian bridge, and was 
16 feet in diameter. 

Communication valves, the valves 
in a steam-pipe which connects two 
boilers to an engine, for cutting off 
the communication between either 
boiler and the engine. 

Communion table, a piece of church 
furniture usually placed near the 
wall of the east end of the chancel, 
and enclosed by rails, within which 
the clergyman stands to administer 
the Sacrament. 

Companion, a wooden covering over 
the staircase to a ship’s cabin. 

Compartition, the division or distri- 
bution of the ground-plan of an 
edifice into its various apartments. 

Compartment of the streets within a 
city. According to Palladio, regard 
must be always had to the tempe- 
rature of the air, and also to the 
climate under which the place is 
situated; because where the air is 
cold or temperate, there the streets 
ought to be made large and noble, 
since thereby the city will become 
more wholesome, convenient, and 
beautiful : it being certain that the 
less piercing, and the freer the air is, 
the less will it offend the head ; and 
therefore the more a town is situated 
in a cold place, or in a piercing air, 
and the houses are high, the longer 
ought the streets to be made, that 
they may be visited by the sun in 
every part. A division or separate 
part of a general design. 

Compass, the mariner’s needle. A 
magnetic bar fastened to a card, on 
which N. S. E. and W , with their 
intermediate points, are marked. 

Compass (Harris’s magneto-electric). 
Sir W. Snow Harris discovered that 
a copper ring placed around a magnet 
had a steadying action upon the 
needle, so that while the needle is 
free to obey the magnetic force of 
the Earth in the most perfect way, it 
yet remains tranquil amidst the dis- 
turbing motions to which a ship is 
exposed ; and this stability is oh- 
117 


COM 


COMPLimUM. 


CON 


tained without the aid of friction or 
other mechanical impediment, which 
often produce an apparent steadi- 
ness or rather sluggishness of the 
compass (arising from indifference 
to motion), at the expense of ac- 
curacy. 

Compasses, aa instrument with two 
long legs, working on a centre pin 
at one extremity ; used for drawing 
circles, measuring distances, setting 
out work, etc. 

Comp ass -headed, in ancient archi- 
tecture , circular. 

Compass-plane, in joinery, a tool si- 
milar to the smoothing-pla. • in size 
and shape, but the sole is convex, 
and the convexity is in the direction 
of the length of the plane. The use 
of the compass-plane is to form a con- 
cave cylindrical surface, when the 
wood to be wrought upon is bent 
with the fibres in the direction of the 
curve, which is in a plane surface 
perpendicular to the axis of the 
cylinder : consequently, compass- 
planes must be of various sizes, in 
order to accommodate different dia- 
meters. 

Compass -roof, a roof in which the 
braces of the timbers are inclined 
so as to form a sort of arch. 

Compass-saw, in joinery , a tool for 
cutting the surfaces of wood into 
curved surfaces : for this purpose it 
is narrow, without a back, thicker 
on the cutting edge, as the teeth 
have no set : the plate is about an 
inch broad, next to the handle, and 
diminishes to about one quarter of 
an inch at the other extremity ; 
there are about five teeth in the inch : 
the handle i3 single. 

Compass -window, a bay window, 
or oriel. 

Complement (the) of an arch or 
angle is what it wants of 90° : thus 
the complement of 50° is 40°, and 
the complement of 40° is 50°. 

Complementary colour. Regarding 
colour as the result of sensation — an 
excitement producing one colour — 
say, for example, green, will give 
rise under slightly altered excited- 
ness, to its complementaryred. Each 
colour of the spectrum in this way 
has its complementary. 

Compluvium (Latin), the interval 
between the roofs of porticoes which 
surround the cavsedium. The rain 
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was admitted through this opening 
and fell upon the area below, which 
was termed by some authors the 
impluvium. 

Composite Order : by some con- 
sidered not a distinct order, but a 
variety of the Corinthian. (See Archi- 
tecture .) 

Composition of motion, in mecha- 
nics , an assemblage of several direc- 
tions of motion resulting from 
several powers acting in different 
though not in opposite directions. 

Composition, in painting , is a taste- 
ful and proper distribution of the ob- 
jects of a picture, in grouping, in 
the attitudes, in the draperies and 
the management of the background. 

In architecture , the several parts- 

which constitute a temple ought to 
be subject to the laws of symmetry, 
the principles of which should be 
familiar to all who profess the science 
of architecture. Symmetry results 
from proportion, which, in the Greek 
language, is termed analogy. Pro- 
portion is the commensuration of 
the various constituent parts with 
the whole ; in the existence of which, 
symmetry is found to consist ; for no 
building*' can possess the attributes 
of composition in which symmetry 
and proportion are disregarded, nor 
unless there exists that perfect con- 
formation of parts which may be ob- 
served in a well-formed human being. 

Compound arch, according to Pro- 
fessor Willis, an arch which has the 
archivolt moulded or formed into a 
series of square recesses and angles, 
on the principle that ‘it may be re- 
solved into a number of concentric 
archways successively placed within 
and behind each other.’ 

Compound pier, a term applied to a 
clustered column. 

Compression, the result of pressing 
or squeezing matter so as to set its 
parts nearer to each other, and to 
make it occupy less space. 

Computation/ the method of esti- 
mating time, weighty measures, etc. 

Concamerate, to arch over. 

Concameratio, archerl work. 

Concave, a term denoting the curvi- 
linear vacuity of hollow bodies. 

Concentric, having a common centre; 
as concentric circles, ellipses, etc. 

Concha, a term for the concave rib- 
less surface of a vault. 
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fconclave, a private or secret council ; 
| an inner room for meeting privately. 
tConcluding line, a small line lead- 
ing through the centre of the steps 
of a rope or Jacob’s ladder. 
Concrete, a composition used through 
all ages for forming the foundation 
of large buildings, or for securing 
stability where the ground is of an 
uncertain character. It is made by 

I mixing lime, coarse gravel, and sand 
together with a small quantity of 
i water. The general employment of 
the mixture of lime and gravel, 
commonly known by the name of 
t concrete, in all foundations where, 
| from the nature of the soil, pre- 
? cautions against partial settlements 
i - appear necessary, and the gre at prob- 
ability cf an extension of its use in 
situations where the materials of 
I which it is composed are easily and 
t cheaply procured, must of course 
$ render it a subject of great interest 
to the engineer. The ancients em- 
ployed a mixture analogous to con- 
crete, both for foundations and for 
walls. Several cases are mentioned 
! in which, of late years, it has been 

I used advantageously for foundations 
by some of the most distinguished 
architects and civil engineers. In 
these latter instances, ths proportion 
of the ingredients varies from one of 
lime and two of gravel, to one of 
/ lime and twelve of gravel, — the lime 
being in most cases Dorking lime, 
* and the gravel, Thames ballast. The 
f proportion, however, most commonly 
* used now, in and about London, is 
t one of lime to seven of ballast. 

Concrete, compounded solely of 
lime and screened stones, will never 
assume a consistence at all equal to 
that of which sand forms a part. 
The north wing of Buckingham 
Palace affords an instance of this : 
it was first erected on a mass of con- 
crete composed of lime and stones, 
and when subsequent alterations 
made it necessary to take down the 
building and remove the foundation 
this was found not to have concreted 
into a mass. 

As the quality of the concrete de- 
pends on the goodness of the mortar 
composed of the lime and sand, and 
\ as this must vary with the quality 
of the lime, no fixed proportions can 
of course be laid down which will 
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suit every case. The proportions 
must be determined- by experiment, 
but in no case should the quantity 
of sand be less than double that of 
the lime. 

The best mode of compounding 
the concrete is to thoroughly mix 
the lime, previously ground^ with 
the ballast in a dry state ; sufficient 
water being then thrown over it to 
effect a perfect mixture, it should be 
turned over at least-' twice with 
shovels, and then wheeled away in- 
stantly for use. In some cases, where 
a great quantity of concrete lias to 
be used, it has been found advisable 
to employ a pug-mill to mix the 
ingredients : in every case it should 
be used hot. 

With regard to the quantity of 
water that should be employed in 
forming concrete, there is some dif- 
ference of opinion ; but as it is usually 
desirable that the mass should set as 
rapidly as possible, it is not advis- 
able to use more water than is neces- 
sary to bring about a perfect mixture 
of the ingredients. A great change 
of bulk takes place in the ingredients 
of concrete when mixed together : a 
cubic yard of ballast, with the due 
proportion of lime and water, will 
not make a cubic yard of concrete. 
Mr. Godwin, from several experi- 
ments made with Thames ballast, 
concludes that the diminution is 
about one-fifth. To form a cubic 
yard, therefore, of concrete, the pro- 
portion of lime being ^th of the 
quantity of ballast, it requires about 
30 cubic feet of ballast, and 3£ cubic 
feet of ground lime, with sufficient 
water to effect the admixture. 

An expansion takes place in the 
concrete during the slaking of the 
lime, of which an important use has 
been made in the underpinning of 
■walls : the amount of this expansion 
has been found to be about f ths of 
an inch to every foot in height ; and 
the size thus gained, the concrete 
never loses. 

The Dorking and Hailing limes 
are slightly hydraulic. Will common 
limes, such as chalk, and common 
stone-lime, answer for forming foun- 
dations of concrete, where the soil, 
although damp, is not exposed to 
running water V Is it possible, even 
with hydraulic lime, to form a mass 
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of concrete in running water? If 
common lime will not answer, maj r 
it not be made efficient by a slight 
mixture of cement ? These, and 
questions similar to these, are of 
great interest ; and facts which elu- 
cidate them will be valuable contri- 
butions to the stock of knowledge on 
this subject. 

It is a question for consideration, 
whether a great variety of sizes in 
the materials used would not form 
the most solid as well as the hardest 
wall. The walls of the fortress of 
Ciudad Rodrigo, in Spain, are of 
concrete. The marks of the boards 
which retained the semi-fluid matter 
in their construction are everywhere 
perfectly visible ; and besides sand 
and gravel, there are everywhere 
large quantities of round boulder- 
stones in the walls, from 4 to 6 inches 
in diameter, procured from the ground 
around the city, which is everywhere 
covered with them. > 

Condensation, the conversion of ! 
vapour into a fluid (liquid) form, by 
cold or pressure. 

Condenser, in steam-engines, the 
vessel connected with the exhaust- 
port of the cylinder of a low-pressure 
engine, and also with the air-pump, 
by a passage at the bottom fitted by 
the foot-valve of the pump: it re- 
ceives the steam from the cylinder, 
and condenses it by a jet of cold 
water, thus forming a vacuum for 
the return stroke : the water, air, 
etc., are then drawn off by the air- 
pump, and discharged into the hot 
well. 

Conditorium, a secret place ; a sepul- 
chre ; a vault. 

Conduction, electrical, the power 
possessed by certain bodies to convey 
electrical excitement along them. 

LIST OF ELECTRICAL CONDUCTORS. 
Every metallic substance known. 
Well-burned charcoal. 

Plumbago. 

Concentrated and diluted acids, and 
saline fluids. 

Water, and moist vegetable matter. 
Living animal matter. 

Flame — smoke — steam. 

The best insulating substances are 
of the vitreous and resinous class, 
such as shell-lac, brimstone, dry 
glass rods, vitrified and crystalline 
bodies: to these may be added silk. 
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The best conducting substances are 
principally metallic bodies, saline 
fluids, and common charcoal. 

It should, however, be here under- 
stood, that modern researches es- 
pecially those of Faraday, lead us 
to conclude that there are no sub- 
stances which perfectly conduct or 
perfectly obstruct electrical action. 
The insulating and conducting power 
is, in fact, a difference of degree only: 
still, the extreme differences are so 
great, that if classed in relation to 
such differences, those at the ex- 
tremes of the series admit of being 
considered the one as insulators, the 
other as conductors; whilst the in- 
termediate terms are made up of 
substances which may be considered 
as imperfect, taken as either. Con- 
versely, every substance is capable 
of excitation by friction; yet the 
differences in this respect ’are so 
great as to admit of some bodies 
being called electrics, and others 
non-electrics, with an intermediate 
class between these extremes, which 
may be termed imperfect electrics. 

Series of conductors and insu- 
lators . — Metals and concentrated 
acids are found at the conducting 
extremity of such a series, — shell-lac, 
brimstone, all vitreous and resinous 
bodies, at the other or electric ex- 
tremity; whilst the imperfect or in- 
termediate substances comprise such 
matter as common earth and stones, 
dry chalk, marble, porcelain, paper, 
and alkaline matter. (See Electric 
Telegraph , §'c.) 

Conduit, a structure forming a reser- 
voir for water, and from which it is 
drawn for use. 

Cone, a solid body having a circular 
base, and its other extremity termi- 
nating in a single point or vertex. 
Cones are either right or oblique. 

Cone-plate, a strong plate of cast 
iron hxed vertically to the bed of a 
lathe, with a conical hole in it, to 
form a support for the end of a shaft 
which it is required to bore. 

Confessional, a recess orseat in which 
the priest sits to hear the confessions 
of penitents. 

Conge, another name for the echinus 
or quarter-round, as also for the 
cavetto : the former is called the 
swelling conge, the latter the hollow 
conge. 
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Conic sections, the curves produced 
by the intersection of a cone by planes 
varying in direction ; they are the 
ellipse , parabola, and hyperbola. 

Conical points, in turnery, the cones 
fixed in the pillars for supporting 
the body to be turned : that on the 
right hand is called the fore centre, 
and that on the left hand, the back 
centre. 

Conissinet, the stone which crowns a 
pier, or that lies immediately over 
the capital of the impost, and* under 
the sweep. The bed of it is level 
below, and curved above, receiving 
the first rise or spring of the arch or 
fc vault. 

yConisterium, an apartment in the 
* palaestra, in which sand was kept for 
sprinkling the athletic, after they 
had been anointed. 

Connecting-rods, the rod which com- 
municates motion from the piston of 
the steam-engine to the crank. In 
locomotive engines , outside or side 
rods, those which connect together 
the wheels of engines. By connecting 
the wheels together, one pair cannot 
slip without the others, and the 
greatest practicable adhesion is thus 
obtained. Engines are spoken of as 
four or six coupled, according to the 
number of wheels connected together. 
The former arc used for passenger 
engines, and the latter lor goods 
\ trains on lines with heavy gradients. 
$ Engines with eight, ten, and twelve 
~ wheels coupled are used. 

^ Conning, directing the helmsman in 
A steering a vessel. 

W Conservatory, a superior kind of 
« greenhouse, for exotic plants, is 

a made with beds of the finest com- 

posts, into which plants are removed 
j for culture and preservation. Its 

,o construction is more capacious than ' 

t r i the ordinary greenhouse, and it is ' 

' furnished in a superior style, pro- 

5 Tided with a free admission of light. 

and, in addition, with Hues or boil- 
£ ing-water pipes to raise the tempera- 
tine when necessary, and also con- 
| trivnnees for the introduction of 
■i fredi air. 

J Consistory Court, a spiritual couit, 

* formerly held in the nave of the 

| cathedral church. 

Console, a bracket or truss, mostly 
with scrolls or volutes at the two 
ends, of unequal size and contrasted, 
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but connected by a flowing line from 
the back of the upper one to the 
inner convolving face of the lower. 

Constant wlrite, permanent white, 
or barytic white, is sulphate of ba- 
ryta, and, when well prepared and 
free from acid, is one of the best 
whites for water-colour painting 
being of superior body in water, but 
destitute of this quality in oil. 

Construction, in architecture', lor 
this the chief requisites are magni- 
tude and strength, and the art of 
distributing the different forces and 
strains of the parts and materials of 
a building in so scientific a manner 
as to avoid failure and to insure 
durability. 

Continuous imposts, according to 
Professor Willis, are the mouldings 
of an arch which are continued 
without interruption down the co- 
lumn- to the ground or base, without 
having a capital or distinction of 
any kind at the spring of tho 
arch. This construction was com- 
monly adopted in the later German 
and Flemish Gothic buildings. 

Contour (surveying altitudes and 
levels). This term is applied to the 
outline of any figure, and con- 
sequently to that of any section of 
a solid body ; but when used pro- 
fessionally, in connection with the 
forms of ground, or of works of 
defence, the outline of a horizontal 
section of the ground, or of works, is 
alone to be understood by it. 

When the forms of ground, or 
works, are described by contours, 
or horizontal sections, these sections 
are taken at sonic fixed vertical 
interval from each other, suited to 
the scale of the drawing, or to tho 
subject in hand ; and the distance of 
each, above or below some assumed 
plane of comparison, is given in 
figures at the most convenient places 
on the plan. When the scale of tho 
drawing is about 100 feet to an inch, 
2 or 3 feet will be found a convenient 
vertical interval between the con- 
tours ; and however large the scale 
of the plan, it will scarcely be found 
necessary to obtain contours with a 
less vertical interval than 2 feet. 
If the scale of the plan be about 250 
feet to an inch, or the ordinary 
special survey scale of 4 chains to ail 
inch, 5 feet will prove a convenient 
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vertical interval ; and with a hori- 
zontal scale of from 500 to 100 feet 
per inch, 10 feet may be taken as 
the vertical interval. 

In tracing and surveying the con- 
tours of ground, the following pio- 
cess may be adopted : complete the 
survey of the occupation of the 
ground, the stream?, etc., and deter- 
mine carefully the altitudes of the 
trigonometrical points employed 
above the intended place of compari- 
son; take an accurate trace fiom 
the plot of one of the triangle*, 
which, if the distances between the 
trigonometrical points are properly 
proportioned to the scale of the 
plan, will generally be a convenient 
piece in point of size to contour; 
take this trace to the ground, and find 
upon the ground, and mark upon the 
trace, the points where each of the 
intended contours will cut the boun- 
dary lines of the triangle. 

Contraction, the effect of cold upon 
a warm body, causing a diminution 
in its size bv the particles appioacli- 
ing each other. 

Contramure, an out-wall built about 
the wall of a city or fortification. 

Convent, a building appropriated to 
religious persons. 

Converter, the large vessel used in 
the process of making Bessemer steel 
is so called. 

Convex, curved outwards ; applied to 
lenses and mirrors. 

Convocation and Convocators, or 
parliament of tinners. All Stannarv 
laws are enacted by the several con- 
vocations. 

Convoy, the drag applied to the 
wheels of carriages to check their 
velocity in going down hills. 

Cooper, one who makes barrel?. 
About a.d. 70, according to Pliny, 
cooperage was fir^t u-cd by the 
Romans, and caries superseded ’wine- 
skins — the old bottle.^ into which it 
was not prudent to put new wine. 
The art of putting pieces of wood to- 


gether in the foi motion of vt«-el- for 
holding liquid had it? ri-e among - 1 
the dwellers at the foot of the Alp-, 
and shortly after it was probably 
introduced into Britain. The tight- 
cooper , ’, as also the rat-cooper , makes 
casks for holding liquid, and is the 
representative of the first inventor. 
The dry-cooper makes casks for goods 


not in a liquid state, such as flour, 
rice, dried fruits, soda, etc. The 
white-cooper makes butter-casks, tubs, 
pail*, and churns, and combines in 
some measure the skill and know- 
ledge of his two older brothers. A 
cooper-in-general i? seldom a skilled 
workman, but a jobber and mender 
of cither men's work. 

Coopertorium, the roof of a building. 

Co-ordinates, the lines determining 
the position of any point in a curve. 
One set are called abscissa ■, and a 
second at right angles to the former, 
ordinates. 

Copaiva balsam, an oily resin of 
an amber colour ; it is ’used as a 
vehicle in oil-painting and also as a 
varni-h. 

Copal, improperly called Gum-copal, 
a re-in which exudes from trees in 
the Ea-t Indie*, u-ed for varnishes. 

Cope (a), an ec« le-iastieal vestment, 

< ovciing the whole por-on, with a 
hood or cape, generally bearing some 
rich embroidery, and joined in front 
by a cla-p called a moise. 

Cope (to), to jut out as a wall. -To 

cover over an arch. 

Coping, the reversing course of a 
wall, cither flat or sloping on the 
upper surface, to throw off water. 

Coppe-house, anciently a tool-house. 

Copper, one of the metals and the 
nu»t ductile and malleable after gold 
and silver. Of this metal and zinc 
is made brass. Specific gravity, 8-75 
(Hatchett) ; weight of a cubic foot, 
54‘) lbs. ; weight of a bar 1 foot long 
and 1 inch square, ;>* [ lbs; ex- 
pands in length by one degree of 
heat, x„^o„ (Smeaton); melts at 
2518° (Daniell); cohcrivc force of 
square inch, when hammered, 

53,OOU lbs. (Rennie.) Copper, in 

soap-making, the pan in which the 
soap i> boiled. 

Copperas, a term retained from the 
old ah h.-mical nomenclature, rignifv- 
ing vitriol, (irc-n roppejj* h sul- 
phate of iron. White copperas is 
Mtlpliato ot zinc, and blue copperas 
Milpliate of cop pi r. 

Copper green (colour); the appella- 
tion of a ela*> rather than of an in- 
dividual pigment, under which are 
comprehended verdigri*, verditer, 
malachite, mineral green, green 
bice, Scheele’s green, Schwcinfurt 
or Venna green, Hungary green, 
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emerald green, true Brunswick 
) green, lake green, mountain green, 
African green, French green, Saxon 
green, Persian green, patent green, 
marine green, Olympian green, etc. 
The general characteristic of these 

i iCcvy !■ t ■ 

As they are rich in phosphates they 
arc largely used as manures. 

Coquilla nut. The shell of this nut 
is brittle, hard and close, and its 
colour is hazel brown. It can be 
l turned, and is used for making a 
i great variety of small ornamental 
articles. 

Coral, a marine production, the 
result of the labours of zoophytes 
( Anthozoa ) found in the Mediterra- 
1 nean and other seas. It chiefly con- 
{ sists of carbonate of lime, and is the 
| solid matter produced within the 
polyps and deposited in regular order, 
sometimes in large masses and often 
assuming the shape of branches of 
trees and shrubs. 

Coral wood is of a fine red colour, 
hard, and polishable. 

Corbel, or Corbeille, a short piece of 
timber or stone let into a wall half 
its length or more, as the burthen 
superimposed may require, to carry 
a weight above it, and projecting 
from the general face of the work : 
H it is carved in various fanciful ways ; 
"I the commonest form is, however, 
J that of an ogee. 

•; Corbel-table, a cornice supported by 
corbels. 

1 “ rbie steps, steps up the side of a 
;able, found iu old houses in Flan- 
!er*, Holland, etc. 

rdon, the edge of stone on the out- 
idc of a building. 

re, with the Cornish miners, is a 
li vision of time and labour, 
res, baked earth placed in the cen- 
rc of a mould for casting, so as to 
iroduce a cavity. 

rinthian Order. (See Atchitec- 
ure.) 

rinthian Brass, an alloy of gold, 
ilver, and copper, so called from the 
act that at the burning of Corinth 
nany statues made of these metals 
vrere melted together, 
rk, the thick and spongy bark of a 
pecies of oak (the Quercus suber ), 
i native of Southern Europe, being 
q2 


abundant in the dry mountains of 
Spain, Portugal, and Italy. 

The pigment called Spanish Black 
is made from burnt cork. (See Spanish 
Black.) 

Corner-stones, in architecture, the 
two stones which stand one in each 
joint of the chimney. 

Corneus, a kind of tin ore, found iu 
black columns, with irregular sides, 
and terminating in prisms. 

Cornice, the projection, consisting of 
several members, which crowns or 
finishes an entablature, or the body 
or part to which it is annexed. The 
cornice used on a pedestal is called 
the cap of the pedestal. 

Corning, graining of gun-powder in 
a powder manufactory or corning - 
house. 

Cornish, engine, a single-actingbeam 
engine, used for raising water ; the 
steam is -worked very expansively, 
and used for the down-stroke only, 
to raise a weight, fastened to the 
pump-rod, at the end of the beam : 
the steam having acted for the down- 
stroke, and the entrance-valve being 
closed, a communication is formed 
between the top and bottom of the 
cylinder, by lifting a valve in the 
steam passage, called an equilibrium 
valve ; the pressures on the piston 
are thus equalised, and the weight 
acts to force the water up, and raise 
the piston. 

Cornucopia, or horn of plenty; among 
architects, painters, etc., it is repre- 
sented under the figure of a large 
horn, out of which issue fruit, flowers, 
etc. 

Corollary, an inference or deduction. 

Coromandel wood, the produce of 
Ceylon and the coast of India, is 
shipped in logs and planks from 
Bombay and Madras ; it is of a red 
hazel-brown colour, handsome for 
furniture wood, and turns well. 

Corona, the members constituting the 
uppermost of the three divisions of 
the entablature of a portico, or any 
other building in which columns are 
introduced; this division is termed 

cornice. That flat, square, and 

massy member of a cornice, more 
usually called the drip or larmier, 
whose situation is between the cyma* 
tium above aud the bed-mouUling 
below ; its use is to cany the water 
drop by drop from the building. 
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Coro sos, or Ivory-nuts. The tree 
which produces these nuts grows in 
central America and Columbia, and 
is allied to the Screw pines and palms. 
The nuts are from one to two inches 
in diameter, and there is a cavity in 
the centre of each ; in sub dance they 
resemble white wax. They can only 
be used in making small ai deles such 
as the knobs of w alking sticks, etc. 

Corporax cloth, a linen cloth or nap- 
kin spread upon the altar, on which 
the host and chalice are placed at the 
mass in the Catholic strvice. 

Corpse-gate, or Lich gate, a covered 
place at the entrance to a church- 
yard, intended to shelter the corpse 
and mourners from rain. 

Corridor, a gallery or open communi- 
cation to the different apa'tments of 
a house. 

Corrugated Iron, sheet iron streng- 
thened by bending into farrows pa- 
rallel to the longer side of the sheet ; 
it is largely used for rn. i»ng, anti 
when protected from oxidation bv 
clipping in melted zinc is known as 
galvanised iron. 

Corsa, the name given by Vitruvius to 
a platband or square fascia whose 
height is more than its projecting. 

Cortile, a small court enclose! by the 
divisions or appurtenam.es of a 
building. 

Cortis, in the middle age?, a court 
surrounded by edifices. 

Corundum includes many dissimilar 
minerals all consisting of marly pure 
anhydrous alumina, naively, com- 
mon corundum, emeiy and precious 
corundum: the latter Icing the 
ruby, sapphire, oriental t.paz, and 
oriental amethyst. 

Coryceum, a room similar to a tennis- 
court. 

Cosecant of an arc, the complement 
of another to 90 degrees. 

Cosmorama, an exhibition r»f a num- 
ber of drawings placed horizontally 
round a semicircular table, reflected 

Baw Cotton Imported un 137; . 

„ Ex ported in 1:7 1 . 

Export; 

Cotton, Yam and Twibfc . 

,, Manufactures 
„ Printed or Coloured 
„ Mixed Matt-rial . . . 

Cotton Pre fornicating • 
lace and Patent Net .... 
Hosiery— Stockings and Socks . 

Thread 

Other Manufactures , , , , 
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by mirrors placed diagonally, and 
viewed through a convex lens placed 
in front of each mirror. 

Costean pits, in Cornish mining , are 
shallow pits sunk at right angles to 
the usual run of the lodes, to trace or 
find tin or other metal. 

Costeauing, in mining , the practice of 
discovering lodes by sinking pits in 
their vicinity, and transversely to 
their supposed direction. 

Cot, in nautical phraseology , a bed- 
frame suspended from the beams of 
the ship, or otherwise. 

Cotangent is the tangent of any 
coxnplemental arc, or what the arc 
wants of a quadrant or 90 degrees. 

Cotton, a fibrous woolly or downy 
substance, found enveloping the seeds 
of plants belonging to the genus 
Gossypium, of which there are several 
species. A common division is 
into tree and hush cotton according 
to the size of the plant. More im- 
portant, however, is the distinction 
into long and short-stapled according 
to the length of the fibre, the former 
being the most valuable. The best 
cotton is that produced in the Sea 
Islands along the coast of South 
Carolina and other southern states of 
America, Queensland, Brazil, and 
Egypt ; the shorter-stapled classes 
being mainly derived from India and 
are known as surats. 

Cotton manufactures and trade. 
Cotton was woven by the Hindoos 
and Chinese many centuries before 
the Christian era. The Egyptians 
are supposed to have imported woven 
cotton before the plant had begun to 
be cultivated in their country, and 
the Romans received woven cotton 
from India long before the cotton- 
plant was known in Europe. The 
extension of the manufacture of it 


lias now become enormous. The 

import anil export of cotton and 

cotton goods from England, in 1875. 

was as follows : — 



Yalne. 

. 13,3GO,f.SG cwts. 

£16,310,361 

. 2,312,213 „ 

— 

IX 1^75. 


. 2l.», ISO 700 lh«*. 

13,170,020 

“3WWMOO jarda 

32, 230, 3! 16 

. 999,69.3,700 „ 

19,889,878 

12,171,100 „ 

469,093 

. — 

1,133,83s 

. 1,127,407 doz. pairs 

378,740 

. 10,410,349 lbs. , 

1,904,749 

• — 

943,743 
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I Thc distinctive names by which 
cotton is known in commerce are 
mostly derived from the countries 
which produce it ; the exceptions are, 
sea-island cotton, and upland cotton. 
The former of these was first culti- 
vated in the low sandy islands near 
the coast of Charleston, in America, 
while the latter is grown in the inner 
or upland country. The sea- island 
cotton is the finest of the several 
varieties. The upland is often called 
Bowed Cotton. 

The spinning of cotton into the 
fovm of yarn or thread requires 
Many preparatory processes ; glioit- 
' stapled cotton is carded, but for the 
finer classes the combing machine is 
* nsed. 

: Cotton and Calico printing, the 
art of staining woven fabrics of cot- 
ton with various figures and colours. 
Cotton-gin, the machine used fur 
separating cotton fibre fiom the seed. 
Cotton, Gun, is prepared by immers- 
ing cotton in nitric acid mixed with 
four times its weight of sulphuiie 
acid. By this the cotton enters into 
chemical combination with the ele- 
ments of the nitric acid setting free 
a corresponding quantity of water 
which is absorbed with the sulphuric 
acid. When at the highest point of 
nitration it is insoluble in ether and 
| most powerful in its explosive effects. 
The acid is then carefully washed out 
of the cotton, and when dry, it D lit 
for use. The temperature at which 
t' gun-cotton explodes has been eare- 
hilly determined — some will explode 
- at 13G° Cent., or 272° Fall., and 
other varieties at 180° Cent., or 350° 
Fah. When weaker acid is used a 
substance is obtained which, when 
dissolved in ether, forms collodion. 
(See Collodion.) 

Cotton-seed oil, the oil expressed 
from the seed of the cotton-plant. 
Couched, laid close, as in a stratum. 
Cduissinet. (See Coni ssi net.) 
Coulisse, any piece of timber which 
has grooves in it ; aho pieces of 
wood which hold the floodgates in a 
sluice. 

Counter, that part of a vessel between 
the bottom of the stern and the wring 
transom and buttock. 

Counterfort, a pier, buttress, or ob- 
lique wall, built up against a wall to 
strengthen and support it. 


Count er-gange, in carpentry , a 
method of measuring joints by trans- 
ferring the breadth of a mortise to 
tlic place on another timber where 
the tenon is to be made. 

Counter-lath, in tiling , a lath placed 
by the eye. 

Counterpoise, any weight which, 
placed in opposition to another 
weight, produces an equilibrium; 
but it is more commonly used to 
denote the weight used in the Ro- 
man balance, or steelyard. 

Countersinks, in joinery, are bits for 
widening the upper part of a hole 
in w*ood or iron, for the head of a 
screw or pin, and have a conical 
head. Those for wood have one 
cutter in the conic surface, and 
have the cutting edge more remote 
from the axis of the cone than any 
other part of the surface. Coun- 
tei sinks for brass have eleven or 
twelve cutters round the conic sur- 
face, so that the horizontal section 
represents a circular saw. These 
are called rose countersinks. The 
conic angle at the vertex is about 
PU degrees. Countersinks for iron 
have two cutting edges, forming an 
obtuse angle. 

Counterview, in painting, a contrast 
or situation in which two things 
illustrate or set off each ether. 

Count-house, equivalent to account- 
house or counting-house, a reckoning 
hmi*e, in Derbyshire and in Corn- 
wall ; a house or room on the mine 
iwd for keeping accounts of the pro- 
ducts, etc. 

Country, The, in mining, the rock 
through which the lode runs. 

Coup -d’ ceil, the general effect of a 
group or picture. As much as the 
eye can see at one view. 

Couple -close, a pair of spars of a roof; 
al-o used by heralds as a diminutive 
of the chevron. 

Coupled columns. When, from the 
extent between columns sometimes 
necessary for the introduction of 
doo*s windows, niches, or other 
decorations neither the eustylos 
nor the diariylos intcreolumniation 
can be used, coupled columns arc 
frequently introduced. In this case 
two sistylos intercolumniations are 
used ; the column which wo uld 
otherwise occupy the middle of the 
space being brought to the distanco 
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of only half a diameter (or suffi- 
cient room for the projection of 
the capitals) from the extreme 
column. The middle space will 
then be three diameters and a half. 
This species lias been called ameo- 
sistylos. "When buildings are small, 
the intercolumniations will not re- 
quire such particular attention to 
the foregoing rules, for columns 
should never be placed nearer to 
each other than three feet, which 
will allow for the easy passage of 
a bulky person. 

Coupling, in machinery , is the name 
given to various anangements by 
which the parts of a machine may 
be connected or disconnected at 
pleasure, or by which a machine 
may be disengaged from, or re- 
engaged with, a revolving wheel or 
shaft, through which it receives 
motion from a steam-engine, water- 
wheel, or other prime mover. 

Couplings, in mill-work. It is fre- 
quently necessary to convey motion 
much farther than would be prac- 
ticable by any one shaft, and there- 
fore often requisite to connect two 
or more shafts together. These 
connections are denominated coup- 
lings, and may be divided into two 
classes: 1st/ those having two 
bearings ; 2ndly, those having one 
bearing. Couplings having two 
hearings have been long in u-e, 
and before those ha\ing one hear- 
ing, and are generally more simple 
in their construction. 

. Coupling-box, a metal box for joining 
the ends of two shafts, so that they 
may revolve together. 

Course, a continuous range of stones 
or bricks, of uniform height, in the 
wall of a building. 

Course of Ore, in Cornish mining , a 
regular vein of ore. 

Courses, sails that hang from a ship’s 
lower yard-. : the fore-sail is called 
the fore-course, and the main-sail 
the main-course. 

Courts of Justice : where causes 
are heard and tried: they were in 
Home adorned with statues, fine 
columns, and porticoes with double 
rows of columns. 

Cove, a cave, a recess ; any kind of 
concave moulding ; the concavity of 
an arch or of a ceiling. 

Coved ceiling, the upper surface of an 
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apartment formed in an arched or 
covered shape at its junction with 
the side walls. 

Covenants of the Old and New Testa- 
ment (The Two), in the Table of 
Symbols of the early ages, are re- 
presented by the wheel in the 
middle of a wheel (Ezek. i. 16). 

Cover, in slating , the part of the slate 
that is hidden ; the exposed part 
being called the margin. 

Cover, a turret or cupola on the roof 
of a hall or kitchen, pierced at the 
sides to let out smoke or steam. 

Cover-way, in roofing , the recess or 
internal angle left to receive the 
covering. 

Covie or Covey, a pantrv. 

Coving, the exterior projection of the 
upper parts of a building beyond 

the limit- of the ground-plan. A 

term applied to house-, etc., that pro* 

jeet over the ground-plot. Of a 

fireplace, the vertical sides, mclining 
backwards and inwards, for the pur- 
pose of reflecting the heat. 

Cowrie Pine. (See Pines.) 

Cowl, a cover for the top of a chim- 
ney. made to turn round bv the 
wild, and used to facilitate the 
escape of smoke. 

Cowner, an arch part of a ship’s 
stern. 

Coxswain, the person who steers a 
boat, and has charge of her. 

Crab, a wooden apparatus, something 
like a capstan, but not furnished 
with a drum-head ; it is used for 
similar purposes, with holes made to 

inscit the bars. A machine with 

three claws, used to launch ships, to 
heave them into the dock or off the 
quay. Also a machine employed for 
raiding weights. It consists of a 
winch and barrel worked by awheel 
and pinion ; the whole fixed in a 
strong iron frame. A double handle 
enables two men to lift considerable 
loads. 

Crab, Cancer , a sign in the Zodiac. 

Crab-tree, the wild apple-tree. The 
wood is used by mill-wrights for the 
teeth of wheels. (See Apple-tree.) 

Cracked, metal which has cooled too 
rapidly. 

Cracking, or Crackling Coal, a 
coal produced in Scotland, so called 
on account of the noise it makes 
when burning; also called parrot coal. 

Cracklin, a kind of china, the glaze 
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of which is purposely cracked all 
over as a decoration. 

J Cradle s a frame placed under the bot- 
tom of a ship, in order to conduct 
her steadily into the water when she 
is to be launched, at which time it 
supports her weight while she slides 
down the descent or sloping passage, 
called the Ways, which are for this 
purpose daubed with soap or tallow. 

Craft, a general name for all sorts of 
vessels employed to load or discharge 
I merchant ships, or to carry alongside 
i or return the guns stores, or pro- 
< visions of a man-of-war : such are 
lightcis, hoys barges etc. 

Cramp, a short bar of iion. with its 
ends bent so as to form tlnee sides 
of a parallelogram ; at one end a 
set-screw is inserted, so that two 
pieces of metal, being placed between, 
can be held firmly together by the 
screw. 

Crane, a machine used for hoisting 
and lifting stones, ponderous weigh ts, 
and heavy goods, principally at 
wharfs and warehouses, now nun-h 
employed for hoisting heavy build- 
ing materials ; also as travelling 
cranes on framed scaffolding, for the 
assistance of masons, bricklayers, 
and other artisans in building, saving 
the time and labour formerly so j 
much prolonged in the execution of 
\ the work to be done. 

. Cranes, pieces of iron or timber at a 
vessel’s sides, used to stow boats or 
spars upon. 

7 Crank, the condition of a vessel when 
she is inclined to lean over a good 
deal, and cannot bear much sail : 
this may be owing to her construc- 
tion, or to her stowage. The arms 

projecting f:om the main shaft of an 
engine, joined together at the outer 

ends. In mechanics , a square piece 

projecting from a spindle, serving by 
its rotation to raise and fall the pis- 
tons of engines : it al-o denotes the 
iron suppoit for a lantern, and the 
iron made fast to the stock of a bell. 

In machinery , is a bend in an 

axle, by which a reciprocating mo- 
tion in a rod is made to produce a 
revolving motion of an axle and of 
a wheel which may be connected 

with it. In turning , that part of 

the axle of the fly which is bent into 
three knees, or right angles, and 
three projecting parts: one of the 


paits is parallel to the axis, and ha3 
the upper part of the crank-hook 
collared round it. 

Crank-axle, the driving axle con- 
nected to the piston-rods of a loco- 
motive engine. 

Crank-hook, in turning, sometimes 
also called the connecting-rod, as it 
connects the treadle and the fly. 

Crank-pin, the cylindrical piece join- 
ing the ends of the crank arms, and 
attached to the connecting-rod, or, 
in vibrating engines, to the piston- 
rod: if the crank has only one 
aim the pin projects from the end 
of it. 

Crape, a light transparent stuff made 
of raw silk, gummed and twisted on 
the mill ; worn in mourning. 

Crayon, a chalk ; a species of ma- 
terial for drawing. Black chalk, 
found in Italy, white chalk, found in 
France, and red chalk, form three of 
the best varieties of crayons: each 
has its own peculiar value as a draw- ■ 
ing material. 

Cream of Tartar, an acid tartate or 
bitartrate of potash produced from 
the Ices or deposits in wine casks. 
The rough or crude tartar is also 
known as argol. It is used as a 
source of tartaric acid, and in various 
branches of chemical manufactures. 

Creazes, in mining , the tin in the 
middle part of the huddle' or dress- 
ing. 

Credence, the small table at the side 
of the altar, or communion table, 
on which the bread and wine are 
formally placed before they are con- 
secrated. 

Creeper, an iron instrument like a 
giapnel, with four claws, used for 
dragging the bottom of a harbour or 
river, to find anything lost. 

Cremona School of Painting. 
Boccaccio Boccaccino bears the same 
character among the Cremonese, as 
Clhirlandnjo, Mantegna, Yanucci, 
etc., in their respective schools. 
Camillo Boccaccino was the chief 
master of' this school, grounded in 
the ancient maxims of his father. 

Crenelle, the embrasure of a battle- 
ment, or loopholes. 

Crenellated, loopholed ; a term ap- 
plied to the battlements or parapet 
of a castle. 

Crepido, according to Pliny, any 
raised basement upon which other 
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things are built or supported, as of 
a temple, altar, obelisk, etc. 

Crescent, or lialf-moon. 

Cresset, a brazier or cage to contain a 
light, also used in coal-pits under 
the name of fire-lamp. 

Crest, a term in heraldry ; the badge 
of the helmet. 

Creste, the ornamented finishing sur- 
rounding a screen or canopy of a 
building. 

Crest-tiles, those used to cover the 
ridge of a roof, upon which they fit 
on the principle of a saddle. 

Creux, a kind of sculpture, when the 
lines and figures are cut and formed 
within the face of the plate. 

Crib or Curb, a circular frame of 
wood, as a foundation for a bucking 
arrangement. 

Cringle, a short piece of rope with 
each end spliced into the bolt-rope 
of a sail, confining an iron ring or 
thimble. 

Criplings, short spars at the sides of 
houses. 

Crista, a crest ; the apex or highest 
part of a shrine. 

Crockets, ornaments of foliage or 
animals running up the back of a 
pediment, arch-pinnacle, or spire, 
from the corbels below to tiio linial 
above, in which latter the dockets 
on both sides appear to merge. Pro- i 
jecting leaves, flowers, or bunches of 
foliage, used in Gothic architecture 
to decorate the angles of spires, cano- . 
pies, pinnacles, etc. 

Crocus, a red oxide of iron produced 
by calcining sulphate of iron, and 
used for polishing metals ; also called 
rouge or colcothar. 

Cromlech, in British antiquity , a 
monolithic building formed of two 
or more upright stones supporting a 
horizontal slab. 

Crop, in mining , ore or tin of the first 
quality, after it is dressed or cleaned 
for smelting. 

Crosette, a truss, or console, in the 
flank or return of an architrave of a 
door, window, or other aperture in a 
wall. 

Crosettes, 'n decoration, the trusses 
or consoles on the flanks of the 
architrave, under the cornice. 

Cross, a gibbet constructed of two 
pieces of wood placed transversely, 
whether they cross each other at 
right angles at the top, like a T, or 


in the middle of their length, like 
an X. The symbol of the Chris- 

tian religion. 

Cross, cross crusse, cross-bar, 
cross goffan, cross lode, either a 
vein of a metallic nature, or a soft 
earth, clay, or flookan, like a vein, 
which unheads and intersects the 
true lode. 

Cross-bars, round bars of iron bent 
at each end, used as levers to turn 
the shank of an anchor. 

Cross-beam, a beam laid across an- 
other. In a ship, a great piece of 
timber so called, crossing two others, 
called bitts, and to which the cable 
is fastened, when a ship rides at 
anchor. 

Cross-chocks, pieces of timber fayed 
acioss the deadwood amidships, to 
make good the deficiency of the heels 
of the lower f'uttocks. 

Cross (church), or a Greek cross, 
that in which the length of the 
transverse part is equal to that of 
the nave ; so called because most of 
the Greek churches were built in 

tint form. Or a Latin cross, 

vho:e nave is longer than the cross 
part, as in most Gothic churches. 

Cross-course, a vein intersecting an- 
other at various angles, and some- 
times heaves the intersected vein out 
of its course. 

Cross-cut, a level driven at right 
angles to the direction of the vein. 

Cross-grained stuff, in joinery, wood 
having its fibres running in contrary 
positions to the surfaces, and which 
consequently cannot be made per- 
fectly smooth when planed in one 
direction, without turning it or turn- 
ing the plane. 

Cross-heads, in locomotive engines , 
the part of the motion into which 
the piston-rod is fitted on the cy- 
linder side and the connecting-rod 
attached on the driving wheel axle 
side. 

Cross-head guides, in locomotive en- 
gines, the parallel bars between 
which the cio^s-head moves in a 
right line with the cylinder and 
driving wheel axle: they are also 
called motion bars. 

Cross-head blocks, in locomotive en- 
gines, the parts which slide between 
the parallel guides. The ends of the 
cross-head are fitted into these blocks. 
The cross-head, cross-head guides, 
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and block, constitute what is called 
‘ the motion of the engine.’ 

Cross-lie ad, in the steam engine , a 
cross-bar fixed centrally on the top 
of a piston-rod, and connected to the 
beam : its motion is confined to a 
direct line by guides at each end : or, 
in the side-lever and beam engine*, 
by an apparatus called a ‘parallel 
motion.’ 

Cross-jack : the cross-jack yard is the 
lower yard on the mizen-rnast. 

Cross-spales, pieces of timber placed 
across a vessel, and nailed to the 
frames, to keep the sides together 
until the knees are bolted. 

Cross-somer, a beam of timber. 

Cross -springer, in groined vaulting, 
the rib which extends diagonally 
from one pier to another. 

Cross-trees, pieces of oak supported 
by the cheeks and trestle-trees at the 
mast-head*, to sustain the tops on 
the lower mast, and to spread the 
top-gallant rigging at the top-mast 
head. 

Cross-vaulting is formed by the in- 
tersection of two or more simple 
vaults of arch-work. 

Crotchet, a support, or piece of wood 
fitted into another to sustain it. 
Also crooked pieces of iron, used on 
board sloops and long-boats. 

Croud, or Crowde, a crypt, or under- 
croft of a church. 

Crow, or Crow-bar, an iron lever, 
made with a sharp point at one end, 
and two claws at the other; u*ed 
in heaving and purchasing great 
weights. 

Crow-foot, a number of small lines 
rove through to suspend ail awning. 

Crown, in geometry, a plane ring in- 
cluded between two concentric peri- 
meters, generated by the motion of 
part of a right line round the centre, 
to which the moving part is not 
contiguous. 

Crown of an anchor, the place 
where the arms are joined to the 
shank. 

Crown of an arch, that line or point 
upon its surface which is the highest 
or most elevated from its springing. 

Crown-post, the middle post of a 
trussed roof. 

Crown-wheels. Circular motion is 
communicated at right angles bv 
means of teeth or cogs situated 
parallel to the axis of the wheel. 
g 3 


Wheels thus formed are denominated 
‘crown ’ or ‘ contrate wheels : ’ they 
act either upon a common pinion or 
upon a lantern. 

Crozier, the pastoral staff of a bishop 
or mitred abbot, having the head 
curled round somewhat in the man- 
ner of a shepherd’s crook. 

Crucifix, a representation of our 
blessed Saviour on the cross. 

Crushing, grinding ores "without 
water. 

Crustae, figures or images in low 
relief, embossed upon plate. 

Crustarius, an artist ; an engraver 
for inlaid work, etc. 

Crutch, a knee or piece of knee tim- 
ber, placed inside a vessel to secure 
the heels of the cant-timbers abaft. 

Cryolite, a native compound of 
aluminium, sodium, and fluorine, 
found at Aiksutfiord in Greenland; 
used for the manufacture of alum, 
soda, and aluminium. 

Cryophorus, an instrument in which 
water may be frozen by its own 
evaporation in vacuo. 

Crypt, a vault beneath a building, 
cither entirely or partly under- 
giound, frequently under churches 
and cathedrals. 

Crypta, or Crypt, among the Romans, 
any long narrow vault, whether 
wholly or partially below the level 
of the earth. 

Crypto Portico, an enclosed gallery 
or portico having a wall with open- 
ings or windows in it, instead of 
columns at the side. 

Crystal, or Rock Crystal. This is 
another name for quartz, or pure 
transparent silica. The regular 
shapes which are called crystals are 
frequently formed when the sub- 
stance passes from the fluid to the 
solid state. 

Crystalotype, a photograph on glass, 
and coven d with glass. 

Ctesibica machina, a double-ac- 
tiomd forcing-pump invented by 
Ctesibius of Alexandria. 

Cuare (Cornish), a quarry of stones. 

Cubature, the cubing of a solid, or 
measuring of the space comprehended 
in a solid, as in a cone, pyramid, 
cylinder, etc. 

Cube, or Hexahedron, a regular 
solid body having six square and 
equal faces and sides, and its angles 
all right and therefore equal. 
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Cubes, or Cube numbers, in arith- 
metic, and the theory of numbers, are 
those whose cube-root is a complete 
integer; or they arc numbers pro- 
duced by multiplying a given num- 
ber twice into itself, or by the multi- 
plication of three equal factors. 

Cube -root, of a number, say 8, the 
number which multiplied into it-elf 
twice will produce 8, — namely, 2 ; 
or it is that number by which, if you 
divide a number twice, the quotient 
will be equal to itself. 

Cubic foot of water, what a vessel 
one foot square and one foot deep 
will hold; it weighs 62*4 lbs. avoir- 
dupois 

Cubieule, among the Romans, a bed- 
chamber, tent, or balcony. 

Cubieulum, according to Pliny, a 
room furnished with a sofa or bed. 

Cubile, the ground-work or lowest 
course of stones in a building. 

Cubit, a measure u-ecl among the 
ancients, and which the Hebrews 
call ‘amma,’ the mother of other 
measures. A cubit was originally 
the distance from the elbow "to the 
extremity of the middle linger; 
which is the fourth part of a well- 
proportioned man's stature. 

Cubital, a bolster or cushion for the 
elbow to rest upon, for invalids. 

Cuboch, a name for the unit or in- 
teger of a power, being the effect 
produced by one cubic foot of water 
in one foot perpendicular descent. 

Cuckold’s-neck, a knot by which a 
rope is secured to a spar, the two 
parts of the rope crossing each other 
and seized together. 

Cuddy, a cabin in the fore part of a 
boat. 

Cud-bear, a violet powder u=cd in ; 
dyeing ; prepared from moss grow- ' 
ing on the rocks (Lecanora tartu- 
rea). 

Culage, the laying up a ship in the 
dock, to be repaired. 

Cul-de-four of a niche, arched roof of 
a niche, on a circular plan, a sphe- 
rical vault. 

Cul-de-lampe, for several decorations 
both of masonry and ironerv. 

Cullis, a gutter in a roof; any groove 
or channel. 

Culm, the parliamentary name for 
anthracite stone coal ; the Kilkenny 
coal of Ireland \ the anthracite of 
South Wales. 

180 


Culmen, the roof of a house or 
church. 

Culverhouse, a dove-cot or pigeon- 
house. 

Culvert, an arched drain for the pas- 
sage of water. An arched passage 

or bridge beneath a road, canal, or 
railway. 

Culver-tail, to dove-tail. 

Cuneus, the wedge. The division 

of the audience part of a theatre 
comprehended between two adjoining 
scalaria or staircases which lead from 
one precinct io to another: so called 
from its form, which resembles a 
wedge. The foremost cunei were 
termed ‘ cavea prima;’ the middle, 
‘ cavca media;’ and the uppermost, 
‘cavea summa.’ The whole of the 
audience part, exclusive of the or- 
chestra, was likewise called ‘ cavea.* 

Cup and Cone, in metallurgy. Ap- 
paratus used for charging iron fur- 
naces which arc worked with clamped 
tops for collecting the waste gases. 

Cupboards formerly answered in 
seme respects to the sideboards of 
the present day. They were some- 
time.^ mere planehed tops, resting on 
trestles, or fixed with legs against 
the wall ; at others, framed on stages, 
rising one above another, and move- 
able : these were called ‘joined cup- 
boards,’ occasionally carved, and, 
like tables, covered with carpets. At 
the marriage of Prince Arthur, son 
of Ilcnry VII., in the hall was a 
triangular cupboard, five stages high, 
set with plate, valued at £1,200, en- 
tirely ornamental ; and in the ‘ utter 
chamber,’ where tlie princess dined, 
was another cupboard, ‘set with 
gold plate, garnished with stone and 
pearl,’ and valued at £20,000. 

Cupola, a small room, either circular 
or polygonal, standing on the top 
of a dome : by some it is called a 

lantern. A spherical or spheroidal 

covering to a building, or any part 
of it. 

Cup-valve, for a steam-engine: it 
resembles a conical valve, made to 
fit a cover in the form of a vase or 
of the portion of a sphere. 

Curia, in architecture , the building 
in which the highest council of the 
Roman state assembled, described 
by Vitruvius as being adjacent to 
the agora or forum. 

Curling-stuff, in joinery, that which 
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is produced by the winding or 
coiling of the fibres round the 
boughs of a tree, when they begin 
to shoot out of the trunk. 

Current, a stream or flux of water in 
any direction. The setting of the 
current is that point of the com- 
pass towards which the wateis 
run ; and the drift of a current is 
the rate it runs per hour. 

Curtilage, a term formerly applied to 
the division or boundary of mano- 
rial lands. 

Curve, in geometry, a line wherein 
the several points of which it con- 
sists tend several ways, or are po- 
sited towards different qiuuteis. 

Curvilinear, consisting of curved 
line.-*. 

Cushion-capital, the capital of a 
column so sculpt uic*d as to resemble 
a cushion pressed down by the 
weight of its entablature. 

Cushions and window-pillows 
were, in Tudor time 4 , ."tailed — not 
unlike the woolsack of the LordChan- 
cellor — in round, square, and oblong- 
shapes, covered with carpet-work, 
velvet, or embroidery. 

Cusps, projecting points forming the 
featherings or foliation in Gothic 
tracerv, archerv, panels etc. 

Cut, in mining , to inter-eet a vein, 
branch, or lode, by driving hori- 
zontally or sinking perpendicularly 
at right angles. 

Cutler’s Green Stone. (See Hones.) 

Cutter, a small boat ; also a kind of 
sloop. 

Cutting. Cutting instruments act in 
dividing bodies upon the same 
principle as the wedge. The blade 
of the instrument is in general a 
thin wedge, but the edge" itself is 
usually much more obtuse. 

Cutwater, in a ship, is the sharp part 
of the he idunder the beak or figure. 

Cyanotype, a photographic process 
devised by Sir John Her&chel. (See 
Photogut pity.) 

Cyanogen, a compound of carbon 
and nitrogen. 

Cycle, a round of time ; a space in 
which the same revolution begins 
again ; a periodical space of time. 
A lunar cycle is a period of nine- 
teen years. A solar cycle is a 
period of twenty-eight years, after 
which the days of the month re- 
turn to the same days of the week. 


Cyclograph., or Areography an in- 
strument for drawing arcs of circles 
without centres, used in architec- 
tural and engineering drawings 
when the centres are too distant 
to be conveniently accessible. 

Cycloidal curves are defined as 
follows: 1. When a circle is made 
to rotate on a straight line, the 
figure described on the plane of 
the basis by any point in the plane 
of the circle is called a trochoid: 
a circle concentric with the gene- 
rating circle, and passing through 
the describing circle. 2. If the 
dc-ciibing point is in the circum- 
ference of the rotating circle, the 
two circles coincide, and the curve 
U c illed a cycloid. 3. If a circular 
basis be substituted for a rectilinear 
one, the trochoid will become an 
epitrot lioid, and the cycloid an 
epicycloid ; the hypocycloid is formed 
by a circle moving on the inner cir- 
cumference of the basis. 

Cyclopean Architecture, a class of 
budding supposed to have preceded 
the invention of the classic orders 
in Gieeee, and attributed to th* 
Cyclopes. 

Cyclopean wall, the oldest example 
of mason-work in Italy: in town- 
walls only has this style of building 
been used. The history of its origin 
is obscure. A large irregular mass 
of stone, having three, four, five, 
or more sides, licwn only on the 
irregular sides to be built upon, 
begins a wall : to this mass others 
aie added, the sides of which are 
made to fit the irregular sides of 
the first block ; and on these again 
others of similar forms are built in 
the same manner. 

Cycorama, a series of views which 
being wound round a cylinder pass 
befoie the spectator in* consecutive 
order 

Cyclostylar, relating to a structure 
composed of a circular range of 
columns without a core; with a 
core, the range would be a peri- 
style. 

Cylinder, a body having two flat sur- 
faces and one circular : for instance, 

a roller is a cylinder. A roller 

used for levelling and condensating 
the ground in agricultural and other 
operations. 

Cylinders, in steam-engines , hollow 
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cylindrical vessels: 'within tlie cy- 
linder the steam exerts its power 
upon the piston, which, by means 
ot its rod, transmits it to the other 
parts of the engine. In locomotive 
engines, hollow vessels usually 
made of cast-iron, and bored out 
accurately, into which pistons are 
fitted steam-tight, yet easily mov- 
able by the pressure of the steam. 

Cylinder cocks, in steam-engines , 
cocks placed in convenient parts 
of the cylinder for admitting oil to 
lubricate the piston, or by which 
to blow out the condensed steam, 
or any deposit in the cylinders. 

Cylinder cover, in steam-engines , the 
lid bolted to a flanch round the top 
of a cylinder, so as to be perfectly 
steam-tight : it has a stuffing-box 
cast in the centre, through which 
the piston-rod alternates. 

Cylindrical vault, a vault without 
groins, resting upon two parallel 
walls. 

Cylindrical walling is that erected 
upon a circular plan, forming a 
cylinder, or a part le*s than a cy- 
linder, according as the plan is an 
entire circumference or a less por- 
tion. 

Cyling, ancient term for ceiling. 

Cyma, called also cymatium, it* 
name arising from its lcscmblancc to 
a wave ; a moulding which is hollow 
in its upper part, and swelling be- 
low. There are two s-orts, — the 
Cyma recta , just described, and 
the Cijma rc versa, whose upper 
part swells, whilst the lower part 
is hollow. 

Cymatium, a moulding whose section 
or profile is convex below and con- 
cave above, somewhat resembling the 

letter S. In sculpture , carved work 

resembling rolling waves. 

Cymophane, a mineral of a green 
colour, a variety of chrysoberyl. 

Cypress-tree, one of the evergreens; 
very proper to mix with pines and 
firs* in forming clumps. The wood 
of the cypress is very valuable, 
when grown to a size fit for planks 
which dimension it attains in as 
short a time as oak. It was much 
used by the ancients, and was em- 
ployed in the original doors of St. 
Peter's at Pome, which, on being 
replaced, after six hundred years, 
by gates of brass, were found to be 


perfectly free from decay, and with- 
in to have retained part of the ori- 
ginal odour of the wood. 

Cyrtostyle, a circular projecting por- 
tico. 

Cy tisus, a genus of ornamental shrubs, 
including laburnums and brooms. 

Cyzicenus, anciently a hall decorated 
with sculpture. 
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Dabber, an instrument made of a 
solid ma'3 of wool encased in leather, 
fastened to a wooden handle. It is 
used in the first process of engraving 
to distribute the etching ground over 
the plate of metal. 

Dactylus, a Greek measure of length, 
the sixteenth part of an English 
foot. 

Dado, a term for the die or plane face 
of a pedestal. The dido employed 
in the interior of buildings is a con- 
tinuous pedestal, vith a plinth and 
base moulding, and a comice or dado 

moulding surmounting the die. 

The solid block or cube forming the 
body of a pedestal, in classical 
cn hitecture, between the base 
mouldings and cornice ; an archi- 
tectural arrangement of mouldings, 
etc., round the lower part of the 
wall* of a room. 

Dagger, in ship-building , a piece of 
timber that clones all the poppets 
of the bulgc-wa\\ to keep them to- 
gether : the plank that seeiues the 
heads of the poppets is called the 
dagger-plank. 

Dagger knees are lodging knees, 
vith side arms ca-t doun and bolted 
through the clamp ; tlic}” arc placed 
at the lower dock" of some ship*, in- 
stead of hanging knees, to pre-erve 
as much stowage in the hold as 
po-riblc. 

Daguerreotype, a photographic pro- 

-o called after the inventor, 

M.l kiguerre, the celebrated dioramic 
painter. The process was as follows: 
Copper i dated with silver, being very 
carefully polished, was exposed to 
the vapour of iodine, until a delicate 
film of the yellow iodide of silver 
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was formed. This plate was placed 
in the camera obscura, and the len- 
ticular image allowed to fall upon it. 
When removed from the camera no 
image should be formed ; the plate 
is then exposed to the vapour of 
mercury, by which the picture was 
evoked in the most exquisite minute- 
ness of detail. The picture being 
rendered insensible to light by being 
washed with the hyposulphite of 
soda, the process was complete, 
except varnishing it : to prevent 
the destruction of the design by 
rubbing off the condensed mer- 
cury. This process is now rarely 
employed. 

Dairy-house, a place for keeping 
milk. 

Dais, in early domestic architecture , 
the chief seat at the high board or 
principal table (cross-table) in a 
baronial hall ; also the principal 
table itself, and the raised part of 

the floor on which it is placed. 

A canopy to cover an altar, throne, 
or tribunal ; the chief or upper table 
ill a monastery. 

Dam, a bank or construction built 
across a river or stream, for the 
purpose of raising the level of the 
water on the opposite side of it. 
Dams built for the purpose of inland 
navigation, or for that of seeming 
a water power, may be considered 
as having a more permanent cha- 
racter. In metallurgy , a wall of 

fire-brick closing the hearth of a 
blast furnace. 

Damascus blades, swords or scy mi- 
tars formerly made at Damascus, re- 
markable for their watering. 

Damascus steel, a sort of steel 
brought from the Levant, greatly 
esteemed for the manufacture of cut- 
ting instruments. 

Damask, a variegated textile fabiie. 

Damasquine, a term applied to orna- 
mental work of gold or silver, the*e 
metals being carefully inlaid in iion 
or steel. 

Dammar gum or Damar, the rcrin 
of certain trees indigenous to the 
Indian Island** — Damar-batu in Ma- 
lay, and the Damar-selo in Java. 

It is used for mounting purposes 
instead of Canada balsam. The 
best form of varai-di is to dissolve 
one ounce of gum-dammar in a fluid 
ounce of turpentine ; to dissolve one 


ounce of mastic in two fluid ounces 
of chloroform, and mix. 

Damonico or Monicon,a compound 
of terra di sienna and Homan ochre, 
burnt, and having all tlieir qualities: 
it is rather more russet in hue than 
the orange de Mars, lias considerable 
transparency, is rich and durable in 
colour. 

Damp, in mining , the Dampf of the 
German miner. Bad air. Fire- 
damp is a mixture of carburctted 
hydrogen with the air, forming an 
explosive mixture. Choke-damp is 
carbonic acid, and after-damp is the 
air deficient in oxygen, and contain- 
ing much carbonic acid, which fol- 
lows an explosion of fire-damp. 

Damper, a valve placed in a chimney 
to diminish the draught when the 

lieat is too intense. In locomotive 

engines , a kind of iron Venetian 
blind, fixed to the smoke-box end of 
the boiler, in front of the tubes : it is 
shut down when the engine is stand- 
ing, and thus stops the draught and 
economizes fuel ; but it is opened 
when the engine is running. 

Dampy, in mining , when foul gases 
do not move freely by the ordinary 
natural ventilation in a colliery, it is 
said to be dampy. 

Dancette, in heraldry , zigzag or 
chevron fret ; seen in Norman 
buildings. 

Dark drifts, small openings in the 
lead mines of the Kichmond district, 
York -hire, arc so called. 

Dash-wheels, revolving wheels, used 
in the washing processes of calico- 
printing. 

Data, a term for such facts, things, or 
quantities as are given or known, in 
order thereby to find other things 
that are unknown. The Data , useful 
in various calculations of the proper- 
ties of materials, which were grouped 
together m tlic previous edition, will 
now be found under the respective 
heads. 

Datisca yellow, a yellow dye ob- 
tained from the Datisca canna - 
Inna, u*cd for dyeing stuffs of a per- 
manent yellow. 

Davit, in navigation , short booms or 
irons projecting from the side of a 
ship to -which the boats are attached 
when hoisted out of the water. 

David’s-staflf, an instrument used 
in navigation. 
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Day, or Bay, in architecture , one of 
the lights or compartments between 
xnulliofi and mullion, in the great 
windows of the pointed style. 

Days, in early domestic architecture , 
the bay or lights of a window ; the 
spaces between the mullions. 

Dead colouring is the first layer of 
colours, consisting usually of some 
shade of grey. Its design is to 
receive and preserve the finishing 
colours ; and it is called dead be- 
cause it is not seen when the work 
is completed. 

Dead doors, in ship-building, fitted to 
the outside of the quai ter-gallery 
door?, in case the quartet -gallery 
should be carried away. 

Dead dipping, the process of giving, 
by the action of an acid, a dead pale 
yellow colour to brass. 

Dead eyes, blocks with three holes 
fixed in the channel*, to receive the 
lanyards of the shroud*. 

Dead flat, the name of a midship 
board. 

Dead lights, in navigation, wooden 
shutters for .the cabin windows, 
which are fastened on when the sea 
runs high. 

Dead-neap, a low tide. 

Dead oil, the oil obtained from coal 
after the light oils have been distilled 
over. 

Dead reckoning, the estimation 
which seamen make of the ship's 
place, by keeping an account of her 
way by the log, by the course steered, 
and by rectifying the whole by al- 
lowance for drift, "leeway, etc. 

Dead rising is that part of the ship 
that lies aft, between her keel and 
floor timbers. 

Dead ropes, ropes which do not run 
in any block or pulley. 

Dead, or Deads, in mining, places 
where no ore is to be found in a 
mine. The waste heaps entirely 
barren of any ore. 

Dead shore, a piece of timber woikcd 
up in brick-work, to support a super- 
incumbent mass until the brick-work 
which is to carry it has set or become 
hard. 

Dead water, the eddy water imme- 
diately at the stem of a ship while 
under way. 

Dead wood, pieces of timber fayed 
on the keel to seat the flow-timbers 
on afore and abaft the floors, and 
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continued as high as the cutting 
down of the floors. 

Deafening sound-boarding, the 
pugging used to prevent the passage 
of sound through wooden partitions. 

Deal, the wood of pine trees. 

Deambulatory, an ambulatory or 
cloister for exercise ; also the aisles 
of a church, or the porticoes round 
the bodv of a clnucli. 

Dearn, a door-post, or threshold ; to 
conceal, or shut up. Provincial, 

Debacle, a great aqueous torrent, a 
breaking up and transport of massive 
rocks and gravel bv an enormous 
ru->h of water. 

Debris, fragments of rocks, boulders, 
gravel, sand, tumks of trees, etc., 
detached from the summit’s and sides 
of mountains by the elleet of the 
elements. 

Decade, a sum of ten unit*. 

Decadence, ‘ Declension from the 
standard of excellence. In ancient 
art, it is applied to the winks of the 
ages which succeeded the fall of 
Home, until the re\ival cf clas-ical 
researches in the fourteenth century. 
In modern art, it is applied to that 
which succeeded the Renaissance, 
and began to assume the rococo of 
Louis Quinze.’ — Fairholt, 

Decagon, in geometry , a plane figure 
of tell bides. 

Decalogue, the Ten Commandments 
deliveicd to the Israelites fiom Mount 
Sinai, in which the moral law is 
summarily comprehended. The Jews 
call thebe precept* ‘The Ten Words.’ 
The practice of painting the Ten Com- 
mandments over the altar was com- 
monly adopted iu churches in Eng- 
land after the Reformation up to a 
comparatively recent period until 
the UbO of sculptured and pictured 
reredo*es was icvived. 

Decanicum, an ecclesiastical prison. 

Decarbonisation. Ca^t-iron articles 
arc exposed to a strong heat in con- 
tact with some peroxide of iron, by 
which it is deprived of its carbon, 
and rendered tougli. 

Decastyle, in architecture : a temple 
is said to be decastyle w’hen its por- 
tico contains ten columns in a line. 

A portico consisting of ten 

column" in front. 

Decempeda, a ten-foot rod employed 
by architects and surveyors for 
taking measurements. 
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Decemremis, a vessel with ten banks 
of oars on a side. 

Decimals the term applied to the 
common system of arithmetical no- 
tation where each digit is ten times 
the value of that preceding it to the 
right and one-tenth of that following 
it to the left. Also used to signify 
the fraction of one-tenth part. 

Deck, the floor of a ship. 

Declination, in astronomy , the angu- 
lar distance of a star or planet north 
or south of the celestial equator. 
In magnetism , the angle made by 
the magnetic meridian with the as- 
tronomical. It is more generally 
called the variation of the compass. 

Decoration, the combination of orna- 
mental objects which are employed 
in great variety, principally tor the 
interior and exterior of all kinds of 
edifices, and for purposes of art gene- 
rally. Nothing can be more judicious 
or appropriate than the sculpture in 
the metopes and pediment of the 
Parthenon. Ornament here not only 
creates a variety on the surface of 
the work, but relates, by the aid of 
the sculptor, a history intimately 
connected with the religious and 
moral destination of the edifice to 
which it is applied. 

Definitions in geometry : — 

1. A point is that which hath no 
parts, or which hath no magnitude. 

2. A line is length without 
breadth. 

3. A superficies has length and 
breadth. 

4. A solid is a figure of three di- 
mensions, having length, breadth, 
and thickness. Hence surfaces are 
extremities of solids, and lines the 
extremities of surfaces, and points 
the extremities of lines. 

If two lines will always coincide 
however applied, when" any two 
points in the one coincide with the 
two points in the other, the two lines 
are called straight lines, or otherwise 
right lines. 

A curve continually changes its 
direction between its extreme points, 
or has no part straight. 

Parallel lines are always at the 
same distance, and will never meet, 
though ever so far produced. Oblique 
right lines change their distance, and 
would meet, if produced. 

One line is perpendicular to an- 


other when it inclines no more to 
one side than another. 

A straight line is a tangent to a 
circle when it touches the circle 
without cutting, when both are pro- 
duced. 

An angle is the inclination of two 
lines towards one another in the 
same plane, meeting in a point. 

Angles are either right, acute, or 
obtuse. 

A right angle is that which is 
made by one line’ perpendicular to 
another, or when the angles on each 
side are equal. 

An acute angle is less than a right 
angle. 

An obtuse angle is greater than a 
right angle. 

A plane is a surface with which a 
straight line will everywhere coin- 
cide ; and is otherwise called a 
straight surface. 

riane figures, bounded by right 
lines, have names according to the 
number of their sides, or of their 
angles, for they have as many 
sides as angles : the least number is 
three. 

An equilateral triangle is that 
whose three sides are equal. 

An isosceles triangle has only two 
sides equal. 

A scalene triangle has all sides 
unequal. 

A right-angled triangle has only 
one right angle. 

Other triangles are oblique-angled, 
and are either obtuse or acute. 

An acute-angled triangle has all 
its angles acute. 

An obtuse-angled triangle has one 
obtuse angle. 

A figure of four sides, or angles, is 
called a quadrilateral, or quadrangle. 

A parallelogram is a quadrilateral, 
which has both pairs of its opposite 
sides parallel, and takes the following 
particular names : — 

A rectangle is a parallelogram, 
having all its angles right ones. 

A square is an equilateral rect- 
angle, having all its sides equal, and 
all its angles right angles. 

A rhombus is an equilateral pa- 
rallelogram whose angles are ob- 
lique. 

A rhomboid is an oblique-angled 
parallelogram, and its opposite sides 
only are equal. 
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A trapezium is a quadrilateral, 
■which lias neither pair of its sides 
parallel. 

A trapezoid has only one of its 
sides parallel. 

Plane figures, having more than 
four sides, are in general called poly- 
gons, and receive other particular 
names according to tbe number of 
their sides or angles. 

A pentagon is a polygon of five 
sides, a hexagon of six sides, a hep- 
tagon seven, an octagon eight, an 
enneagon nine, a decagon ten, an 
undccagon eleven, and a dodecagon 
twelve sides. 

A regular polygon has all its 
sides and its angles equal ; and if 
they are not equal, the polygon is 
irregular. 

An equilateral triangle is also a 
regular figure of three sides, and a 
square is one of four; the former 
being called a trigon, and the latter 
a tetragon. 

A circle is a plane figure, bounded 
by a curve line, called the circum- 
ference, which is everywhere equi- 
distant, from a certain point within, 
called its centre. 

The radius of a circle is a light 
line drawn from the centre to the 
circumference. 

A diameter of a circle is a right 
line drawn through the centre, ter- 
minating on both sides of the cir- 
cumference. 

An arc of a circle is any part of 
the circumference. 

A chord i>> a light line joining the 
extremities of an arc. 

A segment is any part of a circle 
hounded by an arc and its choid. 

A semicircle half a circle, or a 
segment cut oil' by the diameter. 

A sector is any part of a circle 
bounded by an arc, and two radii 
drawn to its extremities. 

A quadrant, or quarter of a circle, 
is a sector having a quarter pait 
of the circumference for its arc, and 
the two radii perpendicular to each 
other. 

The height or altitude of any 
figure is a perpendicular let fall 
from an angle or its vertex to the 
opposite side*, called the base. 

The measure of any right-lined 
angle is an arc of any circle con- 
tained between the two lines which 
lofj 


form the angle, the angular point 
being the centre. 

A solid is said to be cut by a plane 
when it is divided into two parts, of 
which the common surface of separa- 
tion is a plane, and this plane is 
called a section. 

Definitions of solids : — 

A prism is a solid, the ends of 
which are similar and equal paral- 
lel planes and the sides parallelo- 
grams. 

If the ends of the prism are per- 
pendicular to the sides, the prism is 
called a right prism. 

If the ends of the prism are oblique 
to the sides, the prism is called an 
oblique prism. 

If the ends and sides are equal 
square*, the prism is called a cube. 

If the base or ends are parallelo- 
grams, the solid is called a parallele- 
piped. 

If the bases and sides are rect- 
angles, the prism is called a rect- 
angular prism. 

If the ends are circles, the prism is 
called a cylinder. 

If the “ends or bases are ellipses, 
the pri>m is called a cyliudroid. 

A solid, standing upon any plane 
figure for its base, the sides of which 
are plane triangles, meeting in one 
point, is called a pyramid. 

The solid is denominated from its 
base, as a triangular pyramid is one 
upon a triangular base, a square 
pyramid one upon a square base, 
etc. 

If the base is a circle or an ellip- 
sis, then the pyramid is called a 
cone. 

If a solid bo terminated by two 
divdmilar paiallel planes as end*, 
and the remaining surfaces joining 
the ends be aho planes, the solid is 
called a prUmuid. 

If a part of a pyramid next to the 
vertex be cut off by a plane parallel 
to the base, the portion of the pyra- 
mid contained between the cutting 
plane and the ba*c is called the frus- 
tum of a pyramid. 

A solid, the ba*c of which is a 
rectangle, the four sides joining the 
bam plane surfaces, and tw'o oppo- 
site ones meeting in a line parallel 
to the base, is called a cuneus or 
wedge. 

A solid terminated by a surface 
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which is everywhere equally distant 
from a certain point within it is 
called a sphere or globe. 

If a sphere be cut by any two 
planes, the portion contained be- 
tween the planes is called a zone, 
and each of the parts contained by 
a plane and the curved surface is 
called a segment. 

If a semi-ellipsis, having an axis 
for its diameter, be revolved round 
this axis until it come to the place 
whence the motion began, the solid 
formed by the circumvolution is 
called a spheroid. 

If the spheroid be generated round 
the greater axis, the solid is called a 
prolate spheroid. 

If the solid be generated round 
the lesser axis, the solid is called an 
oblate spheroid. 

A solid of any of the above struc- 
tures hollow within, so as to contain 
a solid of the same structure, is 
called a hollow solid. 

Deflagrator. This name was applied 
to Hare’s voltaic battery which was 
arranged for pioducing intense light 
and heat. 

Deflection, a term applied to the dis- 
tance by which a curve departs fiom 
another curve, or from a straight 

line. The deviation of a shot from 

its course. The disturbance or de- 

viation of a ray of light fiom its 
course when polarised or lefracted, 
or of a magnetic needle acted on by 
a force displacing it from its position 
of equilibrium. 

Degree, the SGOth part of the circum- 
ference of a circle. The length of 

an arc of one degree of the meridian 

equal to GO geographical miles. 

The unit of measure in thermometry, 
which varies according to the scale, 
being of the distance between the 
freezing and boiling points in the 
Centigrade scale, in Reaumur’s, 
and rlo Fahrenheit's. 

Delf, a common, cheap, and durable 
pottery, of rude design and gaudy 
colour ; made at Delft in Holland. 

Delicacy, a term used in ait to de- 
scribe refinement in manipulation, 
and softness of expression or colour. 

Deliquiae, according to Vitruvius, 
gutters, or drains. 

Delivery valve, the upper valve in 
the air-pump, or that through which 
the water is lifted into the hot well ; 


also used when speaking of any sort 
of pump. 

Delphiea, a table made of marble or 
bronze, and resembling a tripod. 

Delubrum, a font or baptismal basin. 
In antiquity, a church, chapel, 
temple, or consecrated place. Also 
that part of a Roman temple in 
which the altar or statue of the 
deity was erected. 

Delving, the act of digging — the verb 
to delve is to dig. 

Demesne, lands belonging to the lord 
of a manor, and which are conti- 
guous to the manor-house. 

Demi-relievo, in sculpture , half- 
raided figures from the plane, as if 
cut in two, and only half-fixed to 
the plane. 

Demi-tint is that shade seen when 
the sun shines on a house, or any 
other object, making an angle of 
nearly 45° on the ground plane, or 
when it shines more on the front 
than on the end. 

Dendiculus, a member in the Ionic 
and Corinthian entablatures, occur- 
ring between the zophorus and co- 
rona, and, properly speaking, a part 
of the latter : so called because it 
represents denticuli, or small teeth, 
placed at equal intervals apart. 

Dendrometer, an instrument for the 
measuring of trees. 

Dentils, ornr.' 

used in the , . I 

Corinthian, . ■ 

Departure, in navigation, is the east- 
ing or westing oi a ship with re- 
spect to the meridian from which 
she departed or sailed ; or it is the 
difference of longitude between the 
present meridian and where the last 
reckoning was made. 

Depression of the pole, in naviga- 
tion : so many degrees as you sail 
from the pole" towards the equator, 
so many you are said to depress the 
pole, because it becomes so much 
lower in the horizon. 

Derrick, in navigation , a tackle used 
at the outer quarters of the mizen- 
yard ; it also signifies a prop or 

support to sheers, etc. S/jeersand 

Gyn have one object in common, — 
to find a point or fulcrum in space 
to which the pulley, in the shape of 
block and tackle, is to be supplied ; 
and this is effected by the above, on 
one, two, and three legs, respectively. 
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In the derrick and sheers, stability 
is given by guys ; in the gyn, they 
are unnecessary. Wherever these 
guys are used, great attention must 
be paid to their being well fixed, or 
being (when requisite) duly eased- 
off: when accidents occur from 
neglect in this respect, they are 
generally very severe. 

Describent, in geometry , is the line or 
surface from the motion of which 
a surface or body is supposed to be 
generated or described which cannot 
be measured. 

Descriptive geometry : the applica- 
tion of geometry to the representa- 
tion of the forms of bodies upon a 
plane in such a manner that their 
dimensions may be measured or com- 
puted, as distinguished from perspec- 
tive projections which give only a 
pictorial representation. 

Desiccation, the operation of drying 
bodies, sometimes effected by drying 
in the air, sometimes in warm cham- 
bers, by the air-pump, etc. Sugar 
crystals, fibrous substances, and 
textile fabrics are often dried bv 
the action of centrifugal foice. 

Design, a term in the fine art*, is em- 
ployed firat to signify the art of 
drawing or representing in line** 
the form of any object; next it ex- 
presses the combination of inven- 
tion and purpose which enables the 
artist to compose a picture or a 
group, without reference to the 
material in which it is executed. 

Designing, the art of delineating or 
drawing the appearance of natural 
objects by lines. 

Destina, according to Vitruvius, a 
column or pillar to support an edi- 
fice. 

Detached, figures that appear to stand 
out one from the other or from the 
background, are said to be detached. 

DStrempe, in painting, French for dis- 
temper, which see. 

Device, an emblem or ensign for- 
merly borne on shields or em- 
broidered upon banners as a cogni- 
zance ; contemporary, in the history 
of heraldry, with coat armour it- 
self. In heraldry, painting, etc., 

any emblem used to represent a cer- 
tain family, person, action, or quality 
with a suitable motto, applied in a 
figurative sense. 

Devonshire Oil stone, a good stone 
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for sharpening cutlery, which is found 
near Tavistock. 

Dextrine, starch gum. When starch 
is heated, it is converted into a gum, 
which is called dextrine, or right- 
handed, hecau&e its solution tumsthe 
polarised ray of light to the right- 
hand: common gum acting in a con- 
trary direction; also known as British 
gum. It foi ms the adhesive material 
of postage stamps. 

Diagonal, a line joining two opposite 
angles of a polygon. 

Diagonal rib, a projecting band of 
stone or timber pacing diagonally 
from one angle of a vaulted ceiling 
across the centre to the opposite 
angle. 

Diagonal scale. Equidistant parallel 
lines cut all lints drawn across 
them into equal parts ; consequently 
a set of equidistant parallels laid 
down upon a luler, with oblique 
lines of vanous length* drawn actors 
them, give with the compares 
the means ofiinmedi.it* ly taking off 
various pioportions of those lines. 

Diagram, a delineation of geometrical 
figures; a mathematical illustration. 
ALo applied to any picture used in 
tea. lung. 

Diagraphic Art, the ait of painting 
or engraving {<.b»olcfe). 

Dial, au instrument showing the time 
by the sun's shadow : it consists of 
a triangular plite called the gnomon 
placed in the plane of the meridian, 
which mcasuies the hours by the 
angle made by its shadow upon the 
dial pi oper. There are a great va- 
riety of dials, according to whether 
they are horizontal, oblique, or ver- 
tical. Also a surveying instrument 
used by miners. 

Diallage, Iridescent, a variety of 
augite often associated with serpen- 
tine. Bronzite and hypers thene are 
similar minerals. 

Dialling, the art of survey ing with 

dials. 

Dialysis, a process of analysis de- 
pending upon the differential rate 
of the diffusion of liquids through 
porous septa. Uncr} i'tallisable bo- 
dies diffuse much more slowly than 
crystallisable ones, so that sugar 
may be separated from gum or salt 
from gelatine by merely allowing 
their solutions in water to be sub- 
jected to the action of a parchment 
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paper septum or dialysis for a few 
hours. 

Dia-magnetism, magnetism existing 
in bodies different in its character 
from the magnetism of iron or steel. 
While the magnetic body tends to 
a north and south direction, a dia- 
magnetic body places itself at right 
angles to this direction. Bismuth 
and silver are amongst the most re- 
markable dia-magnetie metals. 

Diamicton, according to Bliny, a 
term used by the Homan builders to 
designate a particular manner of 
constructing walls, the exterior of 
masonry and the interior of rubble. 

Diamond, the cubical variety of crys- 
tallised carbon ; it is the hardest sub- 
stance known, and when pure, it is 
perfectly colourless, with a remark- 
able power of refracting light, upon 
which its great value depends. It is 
the most valuable of all gems, and is 
found in the East Indies m Brazil, 
and recently in Africa. It is con- 
stituted solely of carbon in its densest 
form. 

Diamond-borer, a borer in which 
the opaque black diamond, called 
bort , is the cuttiug material em- 
ployed. 

Diamond bort, fragments of dia- 
monds which are too small for 
jewellery. 

Diamond, glaziers’, the pencil dia- 
mond. used in cutting glass, is a 
small fractured piece of diamond. 

Diamond powder. Diamonds are 
polished by ruhbmg against each 
other : the sui faces are abraded, and 
the fine dust which falls is the dia- 
mond powder, which is employed in 
polishing other gems and hard stones. 

Diaper ornament of flowers, ap- 
plied to a plain surface, cither carved 
or painted : if carved, the llowers 
arc entirely sunk into the work be- 
low the general surface; they are 
usually square, and placed close to 
each other, and are various in their 
pattern and design : it was first in- 
troduced in the early English style 
in some of the principal Gothic struc- 
tures in England. 

Diaper, a panel or flat recessed sur- 
face covered with carving or other 
wrought work in low relief ; a kind 
of linen cloth, wrought with figures 
in the process of weaving. 

Diastyle, an arrangement of columns 


in Grecian and Homan architecture, 
in which the intercolumniation or 
space between them is equal to three 
or four diameters of the shaft. 

Diathyra, the vestibule before the 
doors of a Greek Louse, conespond- 
ing with the prothyra of the Ho- 
mans. 

Diatom, the angle stones of a wall, 
wrought on two faces, and which, 
stretching beyond the stones above 
and below them, form a good band 

or tie to the work. According to 

Yitmvius, the girders or band-stones 
formerly employed in constructing 
walls ; corner stones. 

Diatretum, an enchased or curiously 
engiaved vase or drinking-cup. 

Diaulon, a race-course, the circuit of 
which was two stadia, or 1,200 feet ; 
whence it was med to signify a 
measure of two stadia. 

Dice, in mining, in Leicestershire this 
term is used for the layers in a 
coal seam, of a glossy, bituminous 
nature, which bieak' into cubical 
pieces. 

Dicrotum, a boat with two oars. 

Die, the cube* or dado of a pedestal. 

Die or Dye, a naked square cube: 
thus the body of a pedestal, or that 
part between' its ba^e and its cap, is 
called the die of a pedestal. 

Dies, two pieces of hardened steel, 
v Inch, when placed together, form a 
female screw (or a screw in a nut) 
which has cutting edges, used for 
making a screw on a bolt. 

Die-sinking. In the preparation of 
coined money and of medals, the 
mod important feature is the en- 
graving of the die which is to form 
the stamp. The piece of steel is 
prepared with care, and brought 
to a soft state when about to be sub- 
mitted to the hands of the engraver. 
By the aid of small, line, hardened 
steel ti-oh, the engraver cuts away 
the >teel until he has produced, 
in cavity or intaglio, an exact re- 
verse of the design for the medal or 
coin. 

Dieu et mon droit, — ‘ God and my 
right , 1 — in heraldry , the motto of the 
royal arms of England, first assumed 
by Bichard I. 

Differential thermometer, Les- 
lie's. An instrument used for mea- 
suring small differences of heat by 
the expansion of air. It is peculiarly 
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adapted for measuring the effects of 
radiation. 

Digester, a boiler invented by Papin 
for raiding water to a higher tem- 
perature than the common boiling 
point, 212° ; this is effected by form- 
ing a vessel somewhat resembling a 
kitchen pot ; the mouth is formed 
into a flat ring. so that a cover may 
be screwed tightly on : this cover G 
furnished with a safety-valve, loaded 
to the required pressure. 

Digit, a linger ; a term employed to 
signify any symbol of number from 
0 to 9 ; thus ten (10) is a number of 

two digits. A measure of length, 

containing three-fourths of an inch. 

Di glyph, in architecture , an imper- 
iect triglyph, with only two channels 
instead of three. 

Dilapidation, decay for want of re- 
pair ; not unfrequently a point of 
dispute betwetn a party in poy-e^-ioii 
of a house and another party having 
an interest therein. Where* there is 
a right to u*e lauds or houses, ques- 
tions will arise as to the manner in 
which they ought to be used, and by 
whom dilapidation 5 ?, whether caused 
by accident or decay, ought to be 
supplie I. The light* of parties with 
res]Cv.t to immovable property so 
closely border on each other, and the 
line of demarcation between them is 
so indistinct, that one man, in the 
fancied exercise of liG right, is con- 
tinually liable to encroach upou or 
disregard the right of another. No 
person, however absolute his pro- 
perty in land, can put it to any u-e 
he pleases : his right to u«e it is re- 
strained by the rights of his neigh- 
bour ; he is bound to take caie that 
his manner of using does not inter- 
fere with the inoffensive and profit- 
able occupation by his neigh bo ui of 
his land. (See Gibbons on the ‘Law 
of Dilapidations and Nuisances.') 

Dilettante ( Italian ), an ardent ad- 
mirer of the fine arts. The Dilet- 
tanti Society did much to rescue the 
monuments of Grecian art from in- 
evitable ruin. 

Dilleuing, a Cornish word for a 
method of washing or finishing the 
dressing of tin in very fine hair 
sieves. 

Diluvial formation, the superficial 
deposits of gravel, clay, sand, etc., 
which lie far from their original sites 
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on hills, and in other situations, to 
which no forces of water now in 
action could transport them, and 
which were formerly supposed to be 
due to Noah’s flood. The term is 
obsolete among English geologists, 
but is s-till u-ed in foreign countries 
in the sense of an older alluvium. 

Dilving, in dressing tin ore, shaking 
it in a canvas sieve, in a tub of 
water, so that the waste flow 5 ? over 
the rim of the sieve, leaving the tin 
behind. 

Dimension, a term used in the same 
seme as degree. 

Diminution, a term expressing the 
gradual decrease of thickness in the 
upper part of a column. 

Diminution of columns. The shafts 
of columns are diminished in dia- 
meter as they rise, sometimes from 
the foot itrclf of the shaft, sometimes 
from one-quarter, and sometimes 
from one-third of it-? height. The 
diminution at topis-eldom less than 
one-eighth nr more than one sixth 
of the inferior diameter of the co- 
lumn. (Sec Entasis.') 

Dioptase or Emerald Copper, a 
cry.-tallGed silicate of copper found 
oil the Kirghiz .steppes, the primary 
form of which G a rhombohedron. 
Its colour varies from emerald to 
blacki-'h green ; it G translucent and 
buttle, and lias often been mistaken 
for emerald. 

Di Optra, the sight vanes used instead 
of telescopes in surveying instru- 
ments for simple operations not re- 
quiring great nicety of observation. 

Diorama, a mode of scenic exhibi- 
tion invented by two French artists, 
Daguerre and Bouton, in which, by 
means of opaque and transpaient 
painting, and by a judicious arrange- 
ment and management of the lights 
transmitted and reflected, striking 
effects were produced. 

Diota, a vessel for carrying wafer: it 
has a narrow neck, a full body, and 
two handles. 

Dip, in mining , the angle at which a 
vein’s run is measured from a vertical 

line. Tn navigation, the angular 

d. press ion of the true horizon close 
to the height of the observer ahovo 
the sea ; in magnetism, the angles 
made by a balanced magnetic needle 
with the horizon. When placed in 
plane of the magnetic meridian it w 
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( the measure of the vertical compo- 
nent of the earth’s magnetic force, 
i and varies in different parts of the 
terrestrial surface. The line of the 
dip is called the magnetic equator , 
and the point where the dipping 
' needle stands vertical, the magnetic 
: poles. They are near, but not coin- 

cident with, the terrestrial equator 
and poles, and are subject to a slow 
annular variation. The term incli- 
nation is also used instead of dip. 

Di Palito is a light yellow ochre, 
a Hording tints rather purer in colour 
* than the stone ochre, but less so than 

! Naples yellow. 

Diphryges, the scorial sediment, a 
calx of melted copper, gathered in 
; the furnace when the metal was run 

{ out. 

- ! Diplinthius, according to Vitruvius, 
two bricks thick. 

Dipping, among miners , the angle at 
which the mineral vein is inclined. 
Dipping-goods, the process by which 
ornamental works in brass are 
brightened, usually by putting them 
in a ‘ pickle ’ or dipping liquor of 
some dilute acid. 

Dipteral, having a double range of 
columns all lound ; a dipteral tem- 
ple usually had eight in the front 
row of the end porticoes and fifteen 
at the sides, the columns at the 
angles being included in both. 
Dipteron, m ancient architecture , a 
temple surrounded with a double 
row of columns which form poiti- 
coos, called wings or aides. 

Diptych, double-folding tablets made I 
oi c uved ivorv on the outer ride, and | 
wax on the inner side; they were 
used for letters of authonty in later 
Roman times. 

Direct-action engines are those in 
which the motion of the pi-don is 
communicated to the crank diiectly 
without the use of beams side lever, 
or similar intermediate organs. The 
most simple construction is the oscil- 
lating engine where the head of the 
piston rod is connected directly with 
the crank-pin ; in all other forms a 
conneeting-n>d is used cither in a 
direct or return position : the term 
applies more particularly to marine 
engines. 

Discharging arch, an arch formed 
l in the substance of a wall, to relieve 
the part which is bdew it from the 


superincumbent weight ; it is fre- 
quently used over lintels and flat- 
headed openings. 

Discobolus, one who throws the di3- - 
cus. The name given to the fa- 

mous Grecian statue of the Quoit- 
thrower in the British Museum. 

Discord, a teun applied to painting 
when there is a disagreement of the 
parts or the colouring ; when the 
objects apnear foreign to each other, 
and have an unpleasing and unnatu- 
ral effect. 

Discus, a circular flat piece of stone 
or metal used in games by the an- 
cient athletes. 

Disembogue, to pour out at the 
mouth ot a river. 

Dish, of ore, in mining , a brass mea- 
sure, holding in the Low-Peak of 
Dei by .-lure eight quarts of water, in 
the Higli-Peak about one-eighth part 
more. 

Distance, that part of a picture which 
appears the farthest away. Point of 
distance is the point of the picture 
whore the visual rays meet. Middle 
distance is that part of the picture 
between the distance and the fore- 
ground. 

Distemper, Detrempe gouache 
(* rein A), in painting, the preparation 
of colours without oil, only mixed 
with size, whites of eggs, or any such 
proper glutinous or unctuous sub- 
stance : with this kind of colour all 
the ancient pictures, before the year 
1410, were painted, as also are the 
celebrated cartoons of Raphael. 
Scene-painting, the illumination of 
1USS., and floor-painting are other 
example*. 

Ditriglyph, an interval between two 
columns-, admitting two triglyplis in 
the entablature ; used in the Doric 
order. 

Dividiculum, in Rome, a tower on 
an aqueduct, containing a large re- 
sei voir. 

Divining-rod, in mining, a forked 
branch of hazel or black-thorn of one 
year's growth, which is held, a fork 
in each hand, the hands being twisted 
into a veiy constrained position. Thus 
the miner walks over the ground, 
and the rod is suppo.-ed to dip or 
bend down as a mineral lode is ap- 
proached. A remnant of ancient 
superstition. (See Dowsing.') 

Div divi, the pod of a leguminous 
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shrub imported for the use of tanners 

and dyers. The legumes of a 

plant of the genus C&salpina, a na- 
tive of tropical America. 

Diving-bell, a machine usually 
shaped like a bell, contrived for 
safely lowering a man to any reason- 
able depth under water, bO that lie 
may remain there for a considerable 
time. This is effected by means of 
an air-tight iron vessel open at the 
bottom into which air is pumped by 
means of an air-pump at the smface. 
The pressure of the air keeps the 
water out of the bell, so that the man 
cr men in the bell are kept dry, and 
supplies the air necessary for respi- 
ration. Windows being placed in 
the side of the bell, any sea-walls or 
objects under water can be examined. 

Diving dress, a dress so adjusted that 
it fits easily to the body, imperme - 
able to air and water, connected to 
an iron helmet with glass eye-holes 
protected by gratings. This, as in 
the diving-bell, is supplied with air 
from above through a long elastic 
tube, while the deteriorated air es- 
capes through another tube. With 
this dress a man is enabled to walk 
about under water. 

Division of an Order. The general 
division of an Order being into two 
parts namely, the column and en- 
tablature, the column is subdivided 
into three unequal parts, viz. the 
base, the shaft, and the capital. The 
entablature consists also of three un- 
equal parts, which are, the architrave, 
the frieze, and the cornice. Each 
of these divisions consists of several 
smaller parts, which bv their variety 
and peculiarity distinguish the 
Orders from each other. 

Dock, a place artificially formed for 
the reception of ships the entrance 
of which is generally closed by gates. 
There are two kind*' of docks — dry 
or graving docks and wet docks or 
basins : the former are used for re- 
ceiving ships for repaii s the latter 
for the purpose of keeping vc^scU 
afloat. (See Basin.') 

The docks and badiis of London 
and Liverpool comprise some of the 
largest specimens of works of this 
kind. 

Graving docks, in which repairs 
of vessels are effected, are con- 
structed of various dimensions, ae- 
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cording to the class of vessel for 
which provision is intended. Large 
docks have been constructed of late 
years for the repairs of the ironclads 
and other long steamers now in use 
both for warlike and commercial 
purposes. 

It will be understood that the 
action and efficiency of graving docks 
depend upon the command of an 
adequate depth of water, and a suffi- 
cient rise and fall of tide to leave the 
ve»el dry or to float her, as occasion 
requires. The use of these docks 
also compels the retention of the 
vessel during the action of the tide, 
and thus involves a considerable 
lapse of time, which sometimes can- 
not be afforded for trifling repairs or 
examination of a vessel in active 
service. In some cases very large 
graving docks are divided by in- 
ternal caissons into sections of” more 
moderate length which can be used 
when shorter ships are docked, so as 
to save the cost of pumping out the 
whole dock for a ship that may only 
occupy a fraction of the entire 
length. 

Lor situations in which no tide 
exists, a different arrangement be- 
comes necessary, and a construction 
called a ‘slip’ is commonly substi- 
tuted for a graving dock. In order 
to provide for cases in which suffi- 
cient tidal difference cannot be had 
for raising vessels of deep draughts 
on to a dry dock , floating docks have 
been introduced and found to act 
satisfactorily. These floating docks 
arc hollow boxes of wrought iron 
containing sufficient air when emp- 
tied of water to float up the ship 
that may be placed on them. The 
action of this floating dock is as fol- 
lows : The cradle or float, being ftiii 
of water (the valves being open), is 
sunk so that the vessel may be 
brought oyer it, and temporarily 
secured in position ; the valves are 
then < lostil, and the pumps set to 
woik to clear the water from the 
float, which ri^es in consequence, 
and brings up the vessel to a dry 
level. "When the ship is again ready 
for «ca. the opening of the valves 
admits the water, and sinks the 
float, leaving the vessel free above it 
to pass out of the dock. Very large 
docks of this class are in use in the 
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Mediterranean ; probably the largest used for winding coal in South 
is that at Bermuda. Staffordshire, to counteract tlie 

Clarke’s hydraulic graving dock weight of the chain between the 

consists of a gridiron connected by drum and the pit-frame, because 

cross girders to the rams of a without such balance the heavy iron 

series of hydraulic presses which chain would sway back over the 

when lowered receives a pontoon pulley. 

upon which the ship is placed; when Dolly-tub, a tub to which is fitted a 
the presses are set to work the ship perforated board, to which a circular 
and pontoon are lifted bodily out of motion is given — used for dressing 
the water until the latter is brought ores. 

to the surface, when it is cleared of Dolomite, mncncsian limestone, used 


! water and possesses sufficient buoy- 
ancy to support the ship. 

’ Dodecagon, in geometry, a figure of 
1 twelve angles and sides. 

•* Dodecahedron, in geometry , one of 
* the regular bodies comprehended 
under twelve equal sides, each of 
which is a regular pentagon. 

Dodecastyle, a building having 
twelve columns in front. 

Dogs, fire, or andirons creepers, 
braziers, etc. Long after the general 
introduction of chimneys, wood was 
the ordinary fuel for* all sorts of 
apartments/ A 1 cradle for sea- 
coal ’ is frequently mentioned as be- 
longing to the chief* rooms in su- 
perior houses in olden time, though 
the usual way of warming, or rather 
airing, bed-chambers was with 
braziers or chafing dishes. Andirons 
i are a larger and higher sort of irons, 
i made to support the -wood, and have 
usually long necks rising up before, 
to prevent the wood from falling 
upon the floor. Creepers are smaller 
and lower irons with short necks, or 
none at all, which are placed between 
the andiron's, to keep the ends of the 
wood and the brands from the hearth, 
that the fire may burn more freely. 

Doggy, a superintendent in a Staf- 
fordshire colliery, working under a 
butty. (See Butt)/.') 

Dog-wood, a small underwood, free 
fromsilex: small splinters arc usxl 
by watch-makers for cleaning out 
the pivot-holes of “watches ; it is aLo 
used by butchers for making skewers. 

Dogger, a Dutch boat of about eighty 
tons burden, with a well in the 
middle, to bring fLh alive to shore. 

Doggers, in mining , the name given 
to the top seam ot ironstone which is 
of inferior quality in the Lias for- 
mation of Cleveland. 

Dolly, in mining , a heavy lump of 
cast-iron suspended to the chain 


by the ancient sculptors, and much 
employed by the architects of our 
own time. 

Dolphin, a technical term applied to 
the pipe and cover at a spring for 
the supply of water. 

Dome, a term applied to a covering 
of the whole or part of a building : 
the word dome is strictly applied to 
the external part of the spherical or 
polygonal roof, and cupola to the 
internal part. The dome or cupola 
is a roof, the base of which is a 
circle, an ellipsis, or a polygon, and 
its vertical section a curve line, con- 
cave towards the interior. Hence 
domes are called circular, elliptical, 
or polygonal, according to the figure 
of the base. The most usual form 
for a dome is the spherical, in w’hich 
case its plan is a circle, the section a 
segment of a circle. The top of a 
Jaige dome is often finished with a 
lantern, which is supported bv the 
framing of the dome. The interior 
and exterior forms of a dome are 
not often alike, and in the space 
between, a staircase to the lantern 
is generally made. According to 
the space left between the external 
and internal domes, the framing 
must be designed. Sometimes the 
framing may he trussed with tie? 
across the opening ; but often the 
interior dome ri>cs so high that ties 
cannot be inserted. Accordingly, 
the construction of domes may be 
divided into two ca*es : viz. domes 
with horizontal ties and tho c e not 
having sich ti os The dome of tne 
CVhedral of Pisa, the first model of 
that Tu&can style of architecture, so 
solid, grave, and imposing, neither 
Greek nor Gothic, was begun in the 
eleventh century; and in the thir- 
teenth was founded the majestic 
church of Santa Maria dei Fiori at 
Floieuce, of which the dome equals in 
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size that of St. Peter's at Rome, and 
was its model. The dome of St. Paul’s 
Cathedral is elliptical, and built of 
wood ; it is coniined by strong chains, 
consisting of iron bars : that of the 
Pantheon at Rome is nearly circular, 
and its lower parts are so much 
thicker than its upper parts as to 
afford sufficient resistance to their 
pressure; they are supported by 
walls of great thickness, and fur- 
nished with many projections which 
answer the purpose of abutments 
and buttresses. Domes are a common 
feature in the construction of Turkish 
and Arab buildings ; the former are 
mostly of a flattened segmental cha- 
racter, being mostly derivatives of 
the dome of St. Sophia, the greatest 
of Byzantine buildings. The Arab 
domes are principally of the pointed 
form such as are derived from the 
rotation of the Gothic arch, or bul- 
bous ; the section being a horse-shoe 
arch. Very beautiful examples arc 
seen in the* buildimrs known a-> the 
Tombs of the Klialifs in Cairo. They 
are unbuttreved, and dhcliarge into 
the walls by means of pendent ives, 
and are externally covered with 
flowery enrichments in stone or 
stucco. Among the lmc-t examples 
of domed buildings in the East are 
the tombs of the Mahommedan sul- 
tans in the south of India and Aura. 

In locomotive engines, the dome 

is the conical part of the boiler, 
forming a steam-cliambcr, and ter- 
minating the top of the flie-box part. 
The safety-valves are usually placed 
on the top of the dome. 

Dome-cover, in locomotive engines, 
the brass or iron cover which en- 
closes the dome, to prevent the radi- 
ation of heat. 

Domestic buildings and castles. 
(For domestic architecture see Archi- 
tecture.) The towns and ordinary 
houses of the Normans were entirely 
built of wood. Their castles, having 
but one destination, that of defence, j 
aimed at nothing but strength in | 
their plan or construction. A rite 
was also selected which was already 
fortitied by nature. 

The plan of the Norman castles 
was such as the diversity of ground 
would allow. The print ipal feature 
was always the keep, which con- 
tained the apartments of the lord of 
XU 


the castle, and was also meant to be 
the last refuge of the garrison if the 
outer works were forced. The keep 
was usually raised on an artificial 
mound, or placed on the edge of a 
precipice. The walls, strengthened 
in every way that art could devise, 
were of immense thickness, and com- 
posed of grouting poured in between 
two solid Avails of stone. The facing 
consisted sometimes of irregular 
courses, and sometimes of small 
squared stones, after the Roman 
manner. Ashlar was usually intro- 
duced at the angles of the building. 
The windows were few, and little more 
than chinks, unless very high up, or 
turned to the court. The door of 
entrance could only be reached b} r a 
staircase. Under the keep were 
usually vaults, or dungeons, for the 
leception of prisoners. The keep 
was enclosed in two courts sur- 
rounded by Avails flanked with 
towers. The tower at the entrance 
Avas called the barbican, and served 
at once for an outwoik and post of 
observation. The Avhole fortress was 
defended by a moat. 

The lemahis of the Norman castles 
arc among the most interesting ruins 
in this country. The most impor- 
tant one is the keep of Rochester 
cattle; Dover, the White Tower, 
London, and Newcastle are other in- 
stances. 

Domus, a private house occupied by 
a single proprietor and his family. 

Donjon, a toi tress on a hill; the 
central tower or keep of a Norman 
or mediaeval castle, frequently raised 
on an artificial elevation. It was 
the strongest portion of the building, 
and in it AVere the principal rooms 
inhabited by the lord of the castle, 
and beneath it were the vaults ( dun- 
geons ). 

Donkey Engines, small engines used 
to feed steam-boilers. 

Donor, a term applied in the middle 
ages to the founder or giver of a 
work of art for religions purposes. 

Doors (Antique). The Greeks m 
tie- tunple ot ^Iinerva l*olia>, at 
Athens and a ho the Romans in the 
temple of Ve-ta, or the Sibyl, at 
Tivoli, m ide the doois and Avindows 
small* r at top than at bottom : the 
architrave or dreeing always con- 
stituted an agreeable decoration when 
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in character with the building. 
Those of the windows in the Grecian 
temple have a projection, or what is 
sometimes termed a knee, at their 
upper angle ; while those of the tem- 
ple of Vesta, whose apertures have 
the same form, continue without 
interruption, and are surmounted bv 
a cornice ; but the cornice above the 
door is separated from the archi- 
trave by a frieze, while the cornice 
of the windows joins the architrave. 
In the temple of Minerva, the archi- 
trave of the windows rests only on a 
plain socle ; those of the temple of 
Vesta re*t also on a socle or support, 
the lace of which is sunk. 


Doorway (Anglo-Norman). The 
Anglo-Norman builders bestowed 
much pains and evinced considerable 
artistic skill in very elaborately 
ornamenting the portal entrances to 
churches in their style of architec- 
ture, by a profusion of ornamental 
mouldings and of sculpture. Very 
many examples are to be met with 
in great variety in several of the 
counties of England, particularly in 
the counties of Norfolk and Suffolk. 
The example represented in the 
annexed engraving is a beautiful 
specimen taken from the church of 
St Botolph, at Cove, in the county 
of Suffolk. 





BOP 


DOUBLE-BEAT VALVE. 


BRA 


land, the most elaborate one being 
that leading to the Chapter House 
in Rochester Cathedral. 

Dop, the copper cup in which dia- 
monds are fixed for polishing. 

Doric Order. (See Architecture.') 

Dorman tree, a large beam lying 
across a room ; a joist, or sleeper. 

Dormer, the story in the roof of a 
house. 

Dormer window*, a window pierced 
through a sloping roof, and placed 
in a small gable which rises on the 
side of the roof. 

Dormitory, a sleeping apartment ; a 
term formerly applied to the sleeping 
room of the inmates of monasteries 
and other religions houses. 

Dormond, a large beam 1\ ing across 
a room; a joist, or sleeper, same as 
Dorman. (See Dorman tree). 

Doron, a hand-breadth, or palm ; 
among the Greek*, their bricks or 
tiles were termed ti trucloron, four 
hands’ breadth, or pentudoron , live 
hands broad ; the word also implies 
a gift : hence, probably, the origin 
of the English word dowry. 

Dorture, a place to sleep in, a bed- 
chamber. 4 He led us to a gallery 
like a dorture/ 

Dosel, hangings round the wall* of a 
hall, or at the cad-end, and some- 
time? the sides, of the chancel of a 
church, made of tapestry or cai pet- 
work ; used al*o in churches and 
frequently richly embroidered with 
silks, and gold and silver. Orna- 

mental and rich stuff for the back 
of a chair, a throne, or a screen of 
ornamental woodwork. 

Double-acting pump, a pun* p 
which lifts and forces water at the 
same time, by means of a solid pi-ton, 
and an entrance and exit- valve 
communicating with each side. 

Double-beat valve, a valve used in 
Cornish engines and water-work-. 
It has two beats, or seating-, one 
above the other ; the bottom one 
is similar to an ordinary circular 
valve seating ; the top one i* -omo- 
waat less in diameter than the 
bottom one, and L supported fiom 
it by rib-, and forms a co\er nearly 
the size of the inner passage. A 
shell with two beats to correspond 
with the seatings shuts the sides ; 
when raised (which requires but 
little power, as the fixed cover be- 
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fore mentioned bears nearly all the 
pressure, its diameter being nearly 
equal to that of the shell) the steam 
or water escapes at the sides both of 
the top and bottom beat. 

Double-cylinder engine, an engine 
with two cylinders of unequal size ; 
the full steam acts at pressure in the 
smaller one and exhaustively in the 
larger one. They are also called 
Woolf engines from the name of the 
inventor, and compound engines. 

Doucine, a moulding, concave above 
and convex below. 

Dove -tail, in carpentry , a method 
of joining two boards together bj’ 
letting one piece into another in the 
form of the tail of a dove, when 
that which is inserted has the ap- 
pearance of a wedge reversed. 

Dove -tailing, a method of fasten- 
ing together two pieces of metal or 
wood by projecting bits cut in the 
form of dove-tail* in one piece, to fit 
into corresponding hollows in the 
other. 

Dowel. A round dowel or coak is 
the piece of timber to which the 
felloes of a carriage-wheel are united. 

Dowsing, in mining , the practice of 
att« mptmg to di-cover mineral lodes 
by the aid ot the divining rod. (See 
Divining Rod.) 

Dowsing-cheeks, in shipbuilding , 
piece?, fayed across the apron, and 
lapped on the knightheads or inside 
stuff above the upper deck. 

Drabler, a small topsail. 

Drabs, in salt-works , a kind of wooden 
box for holding the salt when taken 
out of the boiling pan. 

Draft-engine, an engine used for 
pumping. 

Drag-bar, a strong iron rod with eye- 
holes at eacii end, connecting a loco- 
motive engine and tender by means 
of the drag- bolt and spring. 

Drag-bolt, the strong bolt coupling 
the drag-bar ot a locomotive engine 
and tciidei together, and removable 
at ph-a-uro. 

Drag-hook and chain, the strong 
( ham and hook atta< lied to the front 
ot the engine butler-bar, to connect 
it on to any other locomotive engine 
or tender; also attached to the 
drag-bars of goods- waggons. 

Drag-link, a link for connecting the 
cranks ot two shafts ; it is used in 
marine engines tor connecting the 
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crank on the main-shaft to that on 
the inner paddle-shaft. 

Drag-spring, a strong spring placed 
near the back of the tender. It is 
attached by the ends to the drag-bar 
■which connects the engine and tender, 
and by the centre to the drag-bar 
which connects the train to the 
tender. 

Dragon-beams are two strong braces 
which stand under a breast-summer 
and meet in an angle on the 
shoulders of the king-piece. 

Dragon’s blood, in colour, a resinous 
substance brought from the East 
Indies, Africa, and South America. 
* It is of a warm semi-transparent, 
rather dull-red colour, which is 
deepened by air. There are two or 
three sorts, but that in drops is the 
best. It is sometimes used to colour 
varnishes and lacquer?, being soluble 
in oils and alcohol. 

Drainage of marshes and fen 
lands. The steam-engine is u?ed 
to rafco the water above the level 
of those lands which lie too low' to 
be drained by natural outfall, and 
also in situations where the tall is 
not sufficient to carry off the super- 
fluous water in time to prevent 
r damage to the crops. 

Steam-power has been applied to 
the drainage of land in fitreen dis- 
tricts, all in England, chiefly in 
a Cambridgeshire, Lincolnshire, * and 
Norfolk. 

In many of the swampy levels of 
Lincolnshire and Cambridgeshire, 
much had been done to carry off the 
water by natural means and many 
f large cuts had been made and cm- 
4 bankments formed, especially in the 
I Bedford Level, which alone contains 
1 about 300,000 acres of fen-land ; the 
-1 Gi cat Level of the fens contains about 
j 080,000, formerly of lit tie value, but 
s now' rich in corn and cattle. The 
B general plan is to carry away the 
B water coming oft the higher grounds, 
8 and prevent it, as much as possible, 
mk troin running down into the marsh 
JR| by means of the catehwater drain*, 

■ lea\ing the rain alone which falls 
B upon the district to be dealt with by 
B mechanical power. As the quantity 

■ of rain tailing on the Great Level of 

■ the fens seldom exceeds 20 inches in 

■ the year, and about two-thirds of 
this quantity is carried oft’ by evapo- 


ration and absorption, it is only in 
extreme cases that 2 inches in depth 
require to be thrown otf by the 
engines in any one month, which 
amounts to lh cubic foot of water 
upon every square yard of land, or 
7,260 feet to the acre. 

The standard and accepted mea- 
sure of a horse's power is 33,0()01bs. 
raided 1 foot high in. a minute, or 
3,3hOIbs. raised 10 feet high in the 
same time ; and as a cubic foot of 
water weighs 02 Mbs., and a gallon 
of water lUlbs., so one horse’s power 
will raise and discharge, at a height 
of 10 feet, 330 gallons, or 52i 8 o cubic 
feet of water in a minute. Con- 
sequently this assumed excess of 
7,200 cubic feet of water fallen upon 
an acre of land will be raised and 
discharged at an elevation of 10 feet 
in about two hours and twenty 
minutes. If the quantity of land be 

1.000 acres of fen or marsh, with the 
upland waters all banked out, the 
excess of rain, according to the fore- 
going estimate, will amount to 

726.000 cubic feet. A steam-engine 
of 1 0-horsc power will throw off this 
water in 232 hours, or in less than 
twenty days, working twelve liour9 
a day. This calculation has been 
found fully supported in practice. 

Although the rain due to any 
given month may hill in a few days, 
yet in such case much of it will "be 
absorbed by the ground ; and the 
drains must be made of sufficient 
capacity to receive and contain the 
ram a* it falls 5 besides, in case of 
necessity, the engine may be made 
to work twenty hours a day in- 
stead of twelve, until the danger be 
pa>t. 

The main drains have generally 
been cut 7h feet deep, and of width 
sufficient to contain the excess of 
rain, and to bring the water freely 
down to the engine. In some in- 
stances, where the districts are ex- 
tensive and their lengtii great, it has 
been found ncce^ary to make them 
somewhat deeper. 

In all cases where it lias been 
requisite to use steam-power, scoop- 
wheels have been applied to ra Lethe 
water. Those scnop-wheels some- 
what resemble the undershot wheel 
of a water-mill, but instead of being 
turned by the impulse of the water, 
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they are used to lift it, and are kept 
in motion by the steam-engine. 

The floats or ladle-boards of the 
•wheels are made of wood, and fitted 
to work in a trough or track of 
masonry ; they are generally made 
5 feet in length, that is to say, they 
are immersed 5 feet deep in the water, 
and their width or hoiizontal dimen- 
sion varies from 20 inches to 5 feet, 
according to the pow or of the engines 
employed, and the head of water to 
be overcome. The wheel track at 
the lower end communicates with 
the main drain, and at the higher 
end with the river ; the water in 
the river being kept out by a pair 
of pointing doors, like the lock-gates 
of a canal, which clo^e when the 
engine ceases to woik. The w heels 
themselves are made of cast-iron, 
formed in parts for convenience of 
transport. The float-boards are 
connected an ith the ea^»t-iron part of 
the wheel by means of oak staits, 
which are stepped into sockets cast 
in the circumference of the w heel to 
receive them. 

There are cast-iron toothed seg- 
ments iifcted to the wheel, into which 
works a pinion fixed upon the crank- 
shaft of the steam engine. AVhcn 
the head of water in the river or 
delivering drain docs not vary much, 
it is sufficient to have one speed 
for the wheel; but where the tide 
rises in the river, it is doirablc to 
have tNvo speed? or power:, of wheel- 
work, the one to be used at low rate, 
the other more powerful combination 
to act against the rising tide. But 
iu most cases it is not requisite to 
raise the Neater more than 3 or -1 
feet higher than the suiface of the 
land intended to be drained ; and | 
even this is only necessary when the ! 
rivers are full between their bank**, : 
from a continuance of wet weather, 
or from upland floods. In some 
instances, the height of the water in | 
the rivers being affected by the tide, 
the drainage by natural outfall can 
take place only during the ebb ; and ; 
here, in ca*e of long-continuing rains 
the natural drainage icquires the , 
a>ristance of mechanical power. 

It has been stated that the main 
drains have generally been made 7 k 
feet deep, or more in larger districts, 
so that the water may never rise 
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higher than within 18 inches or 2 
feet of the surface of the ground, and 
the ladles or float-boards dip 5 feet; 
below the water, leaving a foot in 
depth below the dip of the wheel, 
that the water may run fi eely to it, 
and to allow for the casual obstruc- 
tion of weeds in the main drain, 
which, if it be sufficiently capacious 
and well formed, will bring dow r n 
the water to the engine with a des- 
cent of 3 inches in a mile. Suppose 
then that the wheel dips 5 feet 
below the surface of the water in the 
main drain, and that the water in 
the river into which this water must 
be raised and discharged has its level 
5 feet above that in the drain, the 
wheel in such case will be said to 
have 10 feet head and dip, and ought 
to be made 28 or 30 feet iu diameter. 

It has been found practicable to 
throw out the w’ater against a head 
of 10 feet with a dip of 5 feet, that is 
to say, 15 feet of head and dip, with 
a wheel of 35 fe-et or 40 feet in dia- 
meter. 

It was in 1825 that tNvo engines 
w'eie erected, and at that time the 
district was kept in a ha If- cultivated 
state by the help of forty- four wind- 
mil]^, the land at times being wholly 
under water. It now groNvs excellent 
wheat, producing from four to six 
quarters to the acre. In many dis- 
tricts, land has been purchased at 
from £10 to £20 an acre, by persons 
who foresaw the consequences of 
these improvements, and which they 
could iionv sell at from £50 to £70 
an acre. This increase in value has 
arisen, not only from the land being 
cleared from the injurious effects of 
the water upon it, but from the im- 
proved system of cultivation it has 
enabled the farmers to adopt. 

The fen-lands in Cambridgeshire 
and great part of the neighbouring 
counties are formed of a rich black 
earth, consisting of decomposed 
vegetable matter, generally from 
C feet to 10 feet thick, although in 
some places much thicker, resting 
upon a bed of blue gait, containing 
clay, lime, and sand. Appold's cen- 
trifugal pump has been very effec- 
tively employed in diaining fens, etc. 
Draining, as applied to lands, toNvns, 
and building 1 *, is the art of drawing 
or conveying aNvay refuse liquid and 
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' other matters, the accumulation of 
j ivhich would be detrimental to ani- 
| mal and vegetable existence. 

In that department which relates 
to lands, draining comprehends also 
the methods of irrigating or supply- 
ing water for agricultural purposes, 
for which the natural supply is in- 
adequate. Referring to town*;, and 
buildings, this art includes also, for 
the purpose of thorough cleansing, 
the artificial supply of water. 

According to this comprehensive 
definition, which will be found to 
have greater practical convenience 
than any more limited one, draining 
comprises observations of the rela- 
tive levels of districts and of their 
geological structure ; of the several 
sources of water, and the amount of 
their products ; and the construction 
and arrangement of all the ai tilicial 
appliances required for the supply, 
conduct, and disposal of water, and 
for conveying and discharging refuse 
matters generally. 

An examination of the superficial 
and structural features of the soil 
enables us to estimate the quantity 
of water present in a district, and to 
determine the means that will be 
available for supplying the deficiency 
or dischargingthe excess. The same 
observations afford general informa- 
tion required in order to arrange the 
artificial channels, drains, sewers, 
etc., by which the supply and refuse 
matters are to be conducted and dis- 
posed of. 

Soils are retentive of water in pro- 
portion to their density and com- | 
pactness. Thus, on clav-lands an 
excess of water is commonly found, 
while, from the porous texture of 
gravel and loose sand, water passes 
rapidly away, and they are thus kept 
in a dry condition. 

The size of the channels or drains , 
by which the water is conducted 
away, will be adapted to the super- 
ficial extent to be drained, and the 
quantity of water due to the district, 
ns computed from its relative portion 
and structure. The construction of 
the drains will depend upon the ma- 
terials of the soil, and the proximity 
of those suitable for the purpose. 
Generally, covered drains are far 
preferable to open ones ; and those 
formed with a duct of earthen piping 


are more durable and economical 
than any others. The implements 
used are rods and levels, for measur- 
ing distances and ascertaining incli- 
nations of surfaces ; — tools for boring 
the soil, to examine substrata, and 
detect springs, consisting of augers, 
chisels, punches, etc. ; — spades, sho- 
vels, and picks of various forms and 
dimensions ; and hoes, scoops, etc., 
for clearing out and finishing the 
form of drains. 

For the draining of towns and 
buildings, including the artificial 
supply of water, the best available 
sources — such as rivers and springs 
— are resorted to, and the advan- 
tageous use of these will require a 
careful consideration of the qualities 
of the water obtained, and its suita- 
bility for domestic and manufactur- 
ing purposes. 

For discharging the refuse mat- 
ters from houses and other build- 
ings, and from streets and public 
thoroughfares, drains and sewers 
of various forms and materials are 
to be selected, made of ample di- 
mensions and permanent construc- 
tion, with such vertical inclination, 
and so arranged, that their con- 
tents shall always have a tendency 
to run off, and never suffer inter- 
ference from the discharge of other 
channels. 

As a final point to be observed in 
any system of town-drainage, that 
of the ultimate disposal of the refuse 
matters is one of the highest, import- 
ance in both a sanatory and an eco- 
nomical point of view. Collected in 
proper reservoir*, and judiciously 
treated, these matters may be dis- 
tributed in fertilising streams over 
the fields and the gardens of the 
suburbs. 

In connection with house drain- 
age, always endeavour, if possible, to 
get vour water-closet cess-pit out- 
side the building, so that it may be 
approached for cleansing without 
disturbing the interior. Be careful 
in the efficient use of dip-draps to 
prevent the ascent of rats from the 
outer sewer into the drains which 
are under the floors of the house. 
Rats are destructive in their opera- 
tions, and if they die in the drain, 
prove, for a length of time, an un- 
bearable nuisance. Drains may servo 
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every purpose of cariy ing oft* soil 
and water ; but the slightest opening 
in tlieir upper part will allow the 
escape of eft! u via into the space 
under the ground flooring, and 
thence into the rooms unless that 
space be thoroughly ventilated with 
grated openings, allowing a thorough 
draught — or, at lea^t, a free ingre.-s 
of fresh air, and equal egress of foul. 
In the application of covered dry 
areas round the excavated basements 
of buildings on no account omit tlieir 
entire ventilation. If this be not 
attended to, the main walling, which 
they are intended to preserve from 
damp, may remain even more con- 
tinually moist than if in immediate 
connection with the natural ground. 
Moisture frequently rises up the 
walling from below its foundation, 
and, exuding from the face of the 
masonry, remains confined, unless it 
evaporate and escape. Without 
means to this end, a covered area 
will be merely a iceeptacle for damp, 
and may keep the masonry continu- 
ally wet, even when the ground out- 
side is perfectly dry. Be especially 
cautious that the “water from the 
rain-pipes of the roofs and flats be 
not conducted by them into the 
foundations. 

Brana, a drain or watercourse. 

Draught, in ship-draugh tiny, the draw- 
ing or design by which the ship 
is to he built, which is generally by 
a scale of one-fourth of an inch to a 
foot. 

Draughtsman, one who is employed 
in making drawings from sketches or 
projects by engineers or architects ; 
also, more generally, one who makes 
drawings of any kind. 

Draute-chamber, a retiring or with- 
drawing room. 

Draw-bore, the pinning a mortise and 
tenon, by pit rang the hole through 
the tenon nearer to the shoulder than 
the holes through the cheeks from 
the abutment in which the shouldci 
is to come in contact. 

Draw-bore pins, pieces of steel in 
the shape of the frustum of a cone, 
somewhat tapered, and inserted in 
handles with the greatest diameter 
next to the handle, for driving 
through the draw-bores ot a mortise 
and tenon, in order to bring the 
shoulder of the rail close home to 
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the abutment on the edge of the 
style: when this is effected, the 
draw-bore pins, when more than 
one are used, are taken out singly, 
and the holes filled up with wooden 
pegs. 

Drawbridge, a bridge with a lifting 
or sliding floor used for crossing the 
ditches of fortresses, or navigable 
waters where the height of the road- 
way is not sufficient to allow of the 
parage of vessels underneath. All 
diawbridges are composed of two 
distinct parts, viz. the movable plat- 
form, and the contrivance necessary 
to balance the platform in every 
position. The equilibrium should be 
such that friction is the only force to 
be overcome in raising or lowering 
the platform. 

The chief difference between draw- 
bridges lies in the arrangement of 
this latter contrivance ; for the plat- 
forms only differ in small details of 
construction, which have very little 
influence on the qualities which are 
essential to the anangement of the 
balancing apparatus. 

Drawers, in mining , the men that 
wind the ore or stones out of a mine 
by a windlass or a horse whim. 

Drawing is the art of representing 
objects on a flat surface: it is divisible 
into geometrical or linear and me- 
chanical drawing , in which instru- 
ments are used, and free-hand draw- 
ing. Other divisions are founded on 
the medium used for the execution of 
the drawing, as pencil , chalky sepia , 
or icater-colour drawing. 

Topographical drawing or hill- 
shadmg is the art of representing 
the irregularities of mountain sur- 
faces on maps by means of systems 
of shading, varying in intensity 
with the slopes. 

Dredging, the process of moving sand 
or mud from the bottoms of rivers, 
of estuaries, bnr^, or tidal harbours. 
Machines arc employed for this pur- 
pose, and on a small scale the dredge 
is attached to a lever and worked by 
men, but more generally a Jacob’s 
ladder or chain of buckets moved by 
steam power, placed on a vessel of 
small draught, is used. The most 
notable example of the employment 
of dredging machines on a great 
scale in modem times is afforded by 
the Berry canal. 
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Dressings, the mouldings and sculp- 
tured decorations of all kinds which 
are used on the walls and ceilings of 
a building for the purpose of orna- 
ment. 

Drift, a piece of hardened steel, 
notched at the sides and made 
slightly tapering ; it is used for en- 
larging a hole in a piece of metal to 
a particular size by being driven 

through it.- The horizontal force 

which an arch exerts with a tend- 
ency to overset the piers from which 
it springs. 

Drifts, in the sheer draught, are 
where the rails are cut off and ended 
with a scroll. Pieces fitted to form 
the drifts are called drift pieces. 

Drifts, Dark. (^See Dark Drifts.) 

Driftway, in mining, is a passage 
cut under the earth from shaft to 
shaft. 

Drill, a tool for cutting a hole in a 
piece of metal or other hard sub- 
stance. 

Drilling machine, a machine for 
cutting circular holes in metal by 
means ot a revolving drill. 

Drip, the projecting edge of a mould- 
ing channeled beneath, so that the 
rain will drip from it : the corona of 
the Italian architects. 

Dripstone, called also the * label,’ 
* weather moulding,’ and ‘ water 
table,’ a projecting tablet or mould- 
ing over the heads of doorways, 
windows, archways, niches, etc. 

Driver, the foremost spur in the 
bulge- ways, the heel of which is 
fayed to the foreside of the foremost 
poppet, and the sides placed to look 

fore and aft, in a ship. The bent 

piece of iron fixed in the centre 
chuck, and projecting over it to 
meet the carrier, and drive it for- 
ward. 

Driving, in mining, cutting horizontal 
passages through the rock. 

Driving shaft, any shaft in a machine 
which gives motion to another shaft. 

Driving springs, the springs fixed 
upon the boxes of the driving axle 
of a locomotive engine, to support 
the weight and to deaden the shocks 
caused by irregularities in the 1 ails. 

Driving wheels, the wheels of a loco- 
motive engine, which are fixed upon 
the crank-axle or main shaft of the 
engine, or are connected by em- 
ploying rods. 


Dromon, or Dromound, a ship 
used for the transport of troops in 
the middle ages ; it had only one 
sail, and the rowers were placed in 
a single line on either side. 

Drop, in architecture , is an ornament 
of the columns of the Doric order, 
representing drops or little bells 
under the triglyphs. 

Drum, in architecture , the bell-formed 
pait of the Corinthian and Compo- 
site capitals. — In mechanism , a wheel 
or pulley fixed on a shaft, for driving 
another shaft by a band. 

Drummond light, a light invented 
by the late Captain Drummond. It 
was produced by projecting the flame 
of an oxygen and hydrogen jet on a 
ball of lime. This invention, also 
known as the lime or oxycalcium 
light, was used for illuminating the 
stations chosen for the angular points 
of the triangles in the ordnance 
survey. 

Druxey, timber in a state of decay, 
with white spongy veins. 

Dryers, metallic oxides, generally 
oxide of lead: they are used in paint- 
ing to dry the oils quickl}’. 

Drying oil, nearly colourless, may be 
obtained by combining linseed or 
nut oil with litharge, and triturating 
them together for a considerable 
time. 

Dryness is a terra by which artists 
express the common defect of the 
early painters in oil, who had but 
little knowledge of the flowing con- 
tours which so elegantly show the 
delicate forms of the limbs and the 
insertions of the muscles; the flesh 
in their colouring appearing hard 
and stiff, instead of expressing a 
plearing softness. The draperies 
of those early painters, and parti- 
cularly of the Germans, concealed 
the limbs of the figures, without 
truth or elegance of choice ; and 
even in their best masters, the dra- 
peries very frequently cither de- 
meaned or encumbered the figures. 

Dry The term is applied to the 
sharp etching needle when it is used 
to incise the copper in fine lines, 
wi»hout the plate being covered with 
etching ground or the lines bit in by 
acid. 

Dry-rot, a disease affecting timber, 
and particularly the oak employed 
for naval purposes. The contrivances 
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eniptoycd as remedies consist of the 
injection of preservative solutions 
into the cellular tissue of the wood, 
such as chloride of zinc, bichloride 
of mercury, sulphate of copper and 
creosote. 

Dub, to work with the adze. | 

Ductilimeter, an instrument for com- 
paring the ductility of lead, tin, etc. 

Ductility is that propci ty of bodies 
which admits of their being drawn 
out in length, while their diameter 
is diminished, without any actual 
fracture. Gold, sliver, platinum, 
iron, copper, zinc, tin, lead, nickel, 
are ductile in the order here given : 
wire-drawing depend* on ductility. 

The less ductile soft metals such ns 
magnesium, w'hich cannot be drawn, 
are converted into wire by the pro- 
cess of pressing or squii ting. 

Dums (in Cornish Mining), frames of 
wood like the jambs of a door or the 
frame of a window ; set in loose 
ground in adits and places that are 
weak and liable to fall in or tumble 
down. 

Dunes, or Douns, are formed of sand 
on a low coast where the bottom is 
composed of sand ; this being driven 
towards the shore is left dry at every 
influx ; the winds which blow from 
the sea then carry them inland and 
form the hills of blown sand common j 
around many parts of our coast. 

The incursions of blown sand are 
usually checked by planting the sand- 
reed, arcana t arenaria, or pme trees, 
w'hich consolidate the surface and 
permit the accumulation o! \ egctablc 
soil. 

Dunging, the application of a bath of 
cow-dung and hot water in calico- 
printing. 

Dungeon, Donjon (Fr.), figuratively 
a prison or a place of incarceration, 
formerly the principal tower or keep 
of a castle : it was always the 
strongest and innermost defensive 
position. 

Durbar (Persia?}), a court or building 
where the sovereign or viceroy gives 
audience; generally used for the 
ceremony of the audience in India. 

Dutch Pink, English and Italian 
Pinks, are bright yellow colours 
used in distemper and for paper- 
staining, and other ordinary pur- 
poses. The pigment called ‘stil,’ or 
•stil de grain,’ is a similar prepa- 


ration, and a very fugitive yellow, 
the darker kind of w'hich is called 
Brown Pink. 

Dutch Terrace, Trns’s (w'hich see). 

Dutch metal, copper gilt and beaten, 
out, or bronzes of different colours 
beaten into thin leaves. 

Dutch rush, or the Equisetum 
Hyemale. The largest of the Equi- 
setums or marcs tail rushes; it 
grows in wet ground in noithern 
climates. Its exterior surface is 
rough from the quantity of silica 
which is disseminated throughout it, 
and this circumstance renders it suit- 
able for pol idling certain substances, 
such as alabaster and marbles. 

Dutch School of Painting. — This 
school of art cannot be said to pos- 
sess the peitoctions that are to be 
observed in the Flemish school ; 
their subjects are derived fiom the 
tavern, the smith's shop, and from 
vulgar amu-ements of the rudest 
peasant*. The expressions are suf- 
ficiently marked ; but it is the ex- 
pre*-ion of passions which debase, 
instead of ennobling human nature. 
It must be acknowledged, at the 
same time, that the Duteh painters 
have succeeded in several branches 
of the ait. If they have chosen low 
subjects of imitation, they have re- 
pi evented them with great exact- 
ness ; and truth must always please. 
If they have not succeeded inmost 
difficult parts of the chmro-oscuro, 
they at least excel in the most 
sinking, such as in light confined in 
a nanow space, night illuminated 
by the moon, or by torches, and the 
light of a smith’s forge. The Duteh 
understand the gradations of colours. 
They have no rivals in landscape 
painting, considered as the faithful 
representation of a particular scene. 
Among the chief ma-ter painters of 
tin* school are Rembrandt, Ruy*dael 9 
the Teniers, Ostade, the Breughel*, 
Vandemer, Berghem, Both, Buck- 
huyzen and the Vanderveldes. 

Duty, in mining , that portion of ore 
w'hich is claimed by the owner of 

the soil — the lord of the mine. 

The useful work actually done by a 
steam-engine pumping water. This 
i* represented— as far as the Cornell 
engines are reported — by the number 
of pounds lifted one foot high by the 
consumption of— formerly — 1 bushel 
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of coals of 94 lbs., now of 112 lbs. of j 
coal. Thus we find the following j 

1833. Wheal Yor (Borlases Engine) . 
1856. East Huel Rose (North Engine) 
1SG3. West Caradon (Ellisk's) 

Chelsea Water Works . . . 

Lambeth Water Works .... 
Berlin Water Works .... 
1S70. West Wheal Seaton . 


engines reported as doing tlie highest 
duties. 

Pounds. With a bushel 
. 91,353,246 of coals. 

. 93,000,000 With a cwfc. 

S3, 500, 000 „ 

111,350,000 „ 

. 97,061,894 „ 

. 117,900,000 „ 

74,000,000 „ 


The average ‘ duty ’ performed by Cornish engines per 112 lbs. of coal at 
the end of each period of 5 years is given as follows : 

1835. 56*9 millions. 1SG). 


1811. 

1815. 

1SJ0. 

1825. 

183). 


20*4 millions. 
24 4 „ 

31' L „ 

3Sd „ 

51*5 „ 


1840. 

1315. 

1350. 

1855. 


G1'8 

66*1 

61*3 

51*3 


In 1875 the highest reported dutv ■ 


1365. 

1370. 


51*G millions, 
50*2 „ 

51*5 „ 


was 78,400,000 ; but on the occasion 
of some special experiments made 
on Taylor's engine, United Mines, St. 
Day, Cornwall, the duty was got up 
to io7, 500,M 00 pounds. It is to be 
regretted that of late years the duty 
has been falling off. At this tune 
full one quarter mire coal is con- 
sumed in the Cornish engines than leas 
necessary in 1843 to do the same work . 

Dyeing is the art of staining textile 
substances ■with permanent colours. 

Dyke, in coal mining , the banks of 
basalt or whin, by which the coal 

strata are frequently divided 

Slip Dyke, a fault or break in the 
strata. 

Dynamics, the science of moving 
powers, or of the action of forces on 
solid bodies when the result of that 
action is motion. 

GENERAL DEFINITIONS. 

1. The mass of a body is the 
quantity of matter of which it is 
composed, and is propoitional to its 
weight, or to the force which must 
be applied to the body to prevent its 
gravitating to the earth, and which, 
being greater or less as the mass is ' 
greater or less, we regard as a mea- 
sure of the mass itself. 

2. Density is a word by which we 
indicate the comparative closeness or 
otherwise of the particles of bodies 
and is synonymous with the term 
specific gravity. Those bodies which 
have the greatest number of particles, 
or the greatest quantity of matter, in 
a given magnitude, we call most 
dense j those which have the least 
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quantity of matter, hast dense. Thus 
lead is more dense than freestone ; 
freestone more dense than oak ; and 
oak more dense than cork. 

3. The velocity with which a body 
in motion moves is measured by the 
space over which it passes in any 
given time ; the unit usually as- 
sumed being one second. 

4. If the body passes over an equal 
space in each successive unit of time, 
the body is said to move uniformly , 
or to have a uniform velocity , and 
the measure of such velocity is the 
space actually passed over by the 
body in each second. 

5. If, however, the body passes over 
a greater space in each successive 
second than it did in the preceding, 
then it is said to move with an ac- 
celerated velocity : when the differ- 
ences between the spaces moved over 
iu any two successive seconds Is 
the same, at whatever period of the 
body's motion they be taken, or in 
other woids, when the successive 
sp ices form an arithmetical progres- 
sion, the body is said to move with a 
uniformly accelerated velocity; but 
wlicu the spaces passed over in suc- 
cessive seconds increase according to 
any other law, the body is then said 
to have its velocity vat ialdy accele- 
rated. 

0. If, on the other hand, the body 
passes over a smaller space in each 
successive second than it did in the 
preceding, then it is said to move 
with a retarded velocity ; which, if 
the successive spaces form a decreas- 
ing arithmetical series, is said to be 
uniformly retarded ; if otherwise, it 
ia said to be variably retarded. 
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7. The velocity of a body whose 
motion is variable is expressed at 
any moment by the space which it 
would pass over in a second , if its 
velocity at the moment spoken of 
were to continue uniform for that 
period . 

8. Mechanical effect is measured 
by the product of the mass or icthjht 
of the body into the space o\ cr which 
it has been moved; no regard being 
had to the time occupied. The unit 
of mechanical efiert is a weight of 
one pound raised tin • ugh a space of 
one foot. 

9. The momentum of a body in 
motion means the mechanical effect 
which such a body will produce in 
a moment (or second) of time, and 
varies as the w\ight of the body 
multiplied by its idocity. 

10. The vis viva ot a body in 
motion is the whole mechanical 
effect which it will poducc in Inina 
bought to a state of red, no regard 
being had to the time in which the 
effect is product d, and it vanes as 
the weight of the h"dy multiplied 
by the squat e nf its it/orify. 

Dynamite, an explo ive compound 
prcpaied with inti e-glycerine and a 
silieious sand. 

Dynamometer, an instrument which 
measures the power everted bv a 
mechanical motor, or that consumed 
by a machine doing woik. 

Dysodile, a papyraceous brown coal. 


E 


Early English Architecture. (See 
At chitertnre.) 

Earth, Common. Specific gravity, 
l-.">2 to '> W) ; weight of a cubic foot, 
from 9.3 to 12.3 lbs. 

Earth coal, a name sometimes given 
to lignites. — Earthy brown coal. 

Earth flax. Amianthus uhich see. 

Earthwork, mounds raised as a de- 
fence, or to foim the hanks of canals, 
or the embankments for railways. 

Earth-table, the lowest course of 
.•done that is seen in a building, level 
with the eaith. 

Earthy bitumen occurs massive, is 
of a blacki-di- brown colour; an earthy 
and uneven fracture. It is found 
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at Hurlet, near Glasgow, and in the 
Birmey quarries, near Edinburgh. 

Earthy cobalt, a combination of 
oxide of cobalt with manganese, in 
the ore commonly called wad. 

Easel, the frame used by artists for 
supporting the canvas when paint- 
ing : from the German Esel, an 
Ass. 

Easter, a movable feast held in com- 
memoration of the Resurrection. 
According to the Western custom 
it is the Sunday next after the first 
full moon after the vernal equinox. 
The Eastern Church follows the 
Jewi-h Calendar and celebrates it on 
the third day following the four- 
teenth day of the month Nisan with- 
out legal d to the day of the week. 

Eaves, the lower edge of a sloping 
roof w Inch overhangs the face of a 
wall, for the purpose of throwing off 
the water. 

Ebony wood is of seveial colours, as 
ydlow, led. green, and black. The 
latter is always preferred, and is 
much u-cd. It is imported princi- 
pally from the Ea<t, and is used for 
cabinet, mosaic and turnery work, 
for flutes, handles of doors, knives, 
“urgeon** instruments, piano-foite 
keys etc. 

Eborarius, a term applied by the Ro- 
mans to a kind of ivory-woik. 

Eccentric, a term applied to a group 
of mechanical contrivances for con- 
verting circular into reciprocating 
icitilincar motion : they consist of 
variously shaped discs, attached to a 
revoh ing -haft, and according to the 
shape ot the working sui faces arc 
di-tingui-hod a^ triangular, hcnit- 
s Imped, toothed or circtilai eccentrics. 
The term is more especially appli- 
cable to the latter form, the others 
being only pattieular varieties of 
cam ; it coii-Gu of a circular disc 
alta< lied to the shaft, but having its 
centie at a small distance from that 
of the axis of the shaft. The distance 
between these points is called the 
eco nt i it it y, and corresponds to the 
i ‘pi ms of the ciiclo described by the 
disc in its revolution or half the 
length of the path described by the 
end eccentric rod. Practically there 
is no 'cli tl'ii cnee between the crank 
and the eccentric ; the latter may be 
considered as a crank in which the 
radius of the crank-pin is greater than 
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that of the erank-arm. The motion 
of the eccentric is communicated to 
the rod by a hoop or strap closely 
fitted round the circumference of the 
disc which revolves within it. 
Eccentrics are used for moving heavy 
shears in iron forges, and the feed 
pumps, and occasionally the air- 
pumps in steam-engines. For the 
latter purpose they are often of great 
size, as for example, in the paddle- 
engmes of the Great Eastern steam- 
ship. The most general application, 
however, is formo\ ing tbesfide valves 
in steam-engine^ for which pur- 
pose they are employed either singly, 
the tail* of the rod being in direct 
communication with the valve lever, 
or, what is more common, in pairs, 
the motion being conveyed by some 
form ot link. (See Link Motion.') 

Echinus, the egg and anchor, or egg 
and tongue ornament found carved 
on the ovolo, in classical architec- 
ture. A member of the Doric ca- 

pital ; so called from its resemblance 
to the echinus. A large va^e, in 
which drinking-cups were washed. 

Ecphora, the projection of any mem- 
ber or moulding before the face of the 
member or moulding next below it. 

Ectypography, etching in relief. 

Edge Coal, Edge Seam, a seam of 
coal which has been thrown on edge, 
often nearly vertical, sometimes 
called edge metal. 

Ediograp’h, an instrument contrived 
for the purpose of copying drawings. 

Eduction pipe, the pipe from the ex- 
haust passage of the cylinder to the 
condenser. 

Edulcoration, the process of wash- 
ing, especially applied to the cleans- 
ing of salts. 

Effect is the art of giving to a draw- 
ing a striking appeal ance by a ju- 
dicious combination of objects ami 
by strong light and shadow. It is a 
faithful representation of the appear- 
ance of nature, best seen under cer- 
tain circumstances and at certain 
times, such as morning effect, even- 
ing effect, twilight effect, and stormy 
effect, torch- light, and candle-light 
effects, etc 

Egg, in architecture , an ornament of 
that form, cut in the echinus or 
quarter round. 

Egyptian. Architecture. (See Ar- 
chitecture.) 


Egyptian Blue, a Irilliantly blue 
pigment made of hydrated protoxide 
of copper mixed with a very’ - small 
quantity of iron. 

Egyptian Jasper or Egyptian 
Pebble, a variety of jasper found 
in the desert of Cairo. 

Eikon or Icon, an image, a statue. 

Ekeing, in s/i ip-building, a piece fitted 
to make good a deficiency in length 
on the lower part of the supporter 
under the cat-head, etc. ; likewise 
the piece of carved work under the 
lower end of the quarter-piece at the 
aft part of the quarter-gallery. 

Elasticity, the physical property by 
virtue of which the molecules of 
bodies that have been removed from 
the position of equilibrium, by the 
action of external forces, return to 
their original position when the 
disturbing force ceases to act. Solid 
bodies exhibit this property in 
vanous degrees, but in all cases they 
become permanently altered in form 
when subjected to* extreme strain, 
whether compressive or tractive. 
The limiting values for such strains 
are known as the elastic limits, and 
bodies that have been so strained 
are said to have taken a permanent 
set. 

Within the limits of elasticity the 
alteration in the volume of a solid is 
generallyproportional to theforce em- 
ployed ; the measure of this force is 
the so-called modulus of elasticity , 
which is the them etieal power 1 equired 
to elongate or compress a body by an 
amount equal to its original length. 
It is given for various substances in 
the second column of the following 
table. The first column shows their 
elastic limit expressed in terms of 
the original length. By dividing 
the values in the second column 
with denominators of the correspond- 
ing fractions in the first, we obtain 
the quantities in the third column, 
which expresses the proof strength 
for different bodies, or strains corre- 
sponding to the limits of elasticity. 
In fluids, whether liquid or gaseous, 
there is no limit of elasticity, the 
particles always returning to their 
original position whatever may be 
the intensity of disturbing force, 
when such force be removed. There 
is no direct relation between the 
compressibility and the elasticity of 
155 



Ei A 


ELECTRICITY 


ELB 


a body, although the two are often 
confounded. This is especially the 
case with fluids, which are spoken of 


as inelastic, when what is meant is 
that they are Out very slightly com- 
pressible. 


Material 

Limiting 

Extension 

Modulus of 
elasticity, 
lbs. i»er sq. 
inch. 

Froof strength 
lbs. per sq. 
inch 

Wood . 

zh 

1,800,00.) 

3,nno 

Brass . 


9.3.000,000 

7,000 

Cast iron 

1 

1 - u J 

17,00^,000 

14,000 

Wrought iron 

T3\:tF 

29,0oii,()00 

20,000 

Hard cast steel 

_ J 

44,000,000 

90,0U0 


Elastic Bitumen, Elaterite, a 
mineral pitch occurring in fungoid 
masses. It looks much like India- 
rubber, and effaces lead-pencil niaiks. 
hence it obtained the name of mineral 
caoutchouc. 

Elbow, in architecture, an obtuse angl*- 
of a wall, building, etc. The term 
Elbow is also used to denote the up- 
right sides which flank any panelled 
work, as in windows below the shut- 
ter's, etc. 

Elder-wood. The branches of the 
elder contain a very light kind of 
pith, which is used, when dried, for 
electrical purpose^ ; the wood is also 
frequently u-ed for caipcnters* rules, 
weavers’ shuttles, etc. 

Elective Affinity jchemical preference 
of one substance for another. 

Electricity, the name of which is de- 
rived from the Greek word ^AexTpov. 
electron, amber, because it was in fric- 
tion of this substance that the subtile 
and invisible agency which we 
designate electric fluid was fir*t dis- 
covered, is one of those hiddi n and 
mysterious powers of nature v hieli 
has thus become known to us through 
the medium of effects : our first ac- 
quaintance with it appears to have 
arisen out of a curious but simple 
fact, noticed full 000 years be fine the 
Christian era. Thales, of Miletus a 
celebrated Greek philosopher, the 
founder of the Ionic Philosophy, 
observed, as a remarkable propeity 
of amber, its power of attracting 
light particles of matter on being 
subjected to a peculiar kind of exci- 
tation by friction, and with which he 
is said to have been so struck, that he 
Imagined the amber to be endowed 
with a species of animation. Thco- 
loG 


phrastus about 300 years before the 
Christian era, observed a similar 
property in a hard stone termed the 
li/ncurnim, now supposed to have 
been the tourmaline, which he says 
will not only attra- 1 light straws and 
sticks but even thin pieces of metal. 
Pliny and other naturalist? aho 
notice this property of amber : and a 
similar property i> «aid to have been 
discovered at an early period in 
agate. In the piocnt state, how- 
ever, of this department of science, 
we no longer coniine our views to a 
particular instnneeof electrical action 
limited to a few conditions only, but 
consider the development of elec- 
tric. iv as arising out of a great 
variriv of operations and circum- 
>tanc< 5 , both natuial and artificial 
— su< h as the contact of various 
substances, friction, pi essure, cleav- 
age, and other mechanical processes, 
changes of temperature and form, as 
in the case of liquefaction, and other 
natural process^ of that kind, to- 
gether ■with chemical and certain 
finni" of magnetic action ; the-ewill 
all mi po induce upon bodies an at- 
tractive power of a gi eater or less 
amount. As our know ]< dge of such 
phenomena advam ed k tlie-e other 
Mibvtances, pos-e-ring riniilar pro- 
perties, were fon^uleml as being 
awber-fi/r, were ’-aid to lie electrical , 
and wuc hence termed Electrics. In 
a '-itml.ir way, when any given snb- 
stanee was enu-ed to exhibit attrac- 
tive powci- by the simple process of 
fuel ion, it was said to be electrified, 
— the piocess itself being termed 
electrical excitation, and the attrac- 
tive force electrical attraction', any 
contrivance also for the mere exhibi- 
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tioa of such force has been termed 
an Electroscope, whilst other con- 
trivances for the more precise mea- 
surement of the power itself have 
been termed Electrometers ; so that 
the common terms employed in this 
department of science are all based 
ou the Greek and Latin terms signi- 
fying amber. 

This science is sometimes divided 
into five or six branches according 
to the modes in which electric effects 
may be brought about. The term 
atmospheric electiicity applies to that 
which i* naturally exhibited at nearly 
all times, but especially in thunder- 
storms ; common or frictional elec- 
tricity, to that developed by mere 
mechanical friction; gdcanism , or 
voltaic electricity, to that developed 
by chemical action ; Memo-elec- 
tricity, by the action of heat: mag- 
iicfo-electricity, by that of magnet- 
ism ; and animal electricity, by the 
operation ot vital power. A more 
modern and comprehensive division 
is into — 1 . Elect/ o-.datics, or tensional 
electricity, referring to tho*c effect* 
in which the agency seem* to have 
the equilibrulm of its distribution 
disturbed, so as to be cxces-ive or 
deficient in certain bodies, making 
them appear in different states. '1. 
Electrodynamics, or cm rent elec- 
tricity, describing those effects in 
which the agency a pi tears to be 
moving ftom place to place, and dis- 
playing momentum. 

It was usual to denominate this 
peculiar agency Electric fluid, be- 
cause it has a greater resemblance to 
an elastic fluid of extreme rarity 
than to anything cLe The modern 
view is that electricity is only a 
mode of motion of, or among, the 
particles of matter. Some bodies 
permit this iutluenec to pa**s freely 
through them, and aie ln-ncc called 
conductors ; others hardly permit it 
to pass through them at all, and are 
therefore known as non-conductors. 
Metals arc the best conductors: next 
water and thuds ; then the bodies of 
animals. Glass resinous substances, 
such as amber, varnish, sealing-wax, 
silk, wool, cotton, hair, and feather**, 
are non-conductors. The pheno- 
mena of electricity are manifested 
by the effects of attraction and repul- 
sion, heat and light, shocks of the 


animal system, and mechanical vio- 
lence. Tor a knowledge of the phe- 
nomena themselves, consult the trea- 
tises on ‘Electricity, Magnetism, and 
Galvanism,’ by Sir W. Snow Harris, 
in the We ale Series. 

Electricity for Blasting, etc. The 
application of electricity to blasting 
rocks firing mines and discharging 
pieces of artillery, has been compara- 
tively limited. We have therefore 
only to explain briefly the principle 
involved. The electric current em- 
ployed may be that which is gene- 
rated by chemical action on the 
voltaic battery, or that obtained from 
the magneto-electric machine. The 
cmrent is conveyed by copper wires 
from the battery or machine, to the 
prepared fuse, which is placed in 
connection with the gunpow r der 
which is to be exploded. The fuse 
has been usually prepared by con- 
necting the ends of the terminal 
wire*, with a short piece of platinum 
wire. The wires are carefully insu- 
lated with a coating of gutta-percha, 
s> that the electricity passes without 
disturbance to the "platinum wire. 
The reri-tance offered bv this to the 
parage of the current is such, that 
tin- platinum becomes glowing hot, 
and flies the gunpowder. To facili- 
tate the explosion sometimes a little 
fulminate of mercury is placed 
aimtnd the platinum wires. Pro- 
filer Abel ha* introduced, with much 
success a mixture of sub-phosphide 
and buh-.-u]p!iidc cf copper with 
chlorate of pota**a into the fuse em- 
ployed in the experiments made at 
Woolwich and Chatham. 

In practice the fu*e is placed in 
the hole of the rock to he blasted, in 
the centre of the mine, or inserted in 
the cannon to be liicd, and all the 
men having r- moved to a safe dis- 
tance, the wire is connected with the 
source of the electricity, when in- 
stantly the explosion "takes place. 
Planting by electricity is therefore 
safer than by any other mode. 

Electrical state of the atmo- 
sphere. The electrical condition of 
the air in serene and tempestuous 
weather has obtained, of late years, 
a considerable amount of attention 
from meteorologists The atmosphere 
is always in an electrical state, that 
is, it is always cither positive or 
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negative in relation to the earth. 
The apparatus for making electrical 
observations is simply a metallic roil, 
insulated at its lower extremity, 
elevated at some height above the 
ground, and communicating with an 
electroscope. When the amenity of 
the weather will permit, a kite may 
be raided, in the string of which a 
metallic wire should be interwoven ; 
this will collect the electricity of the 
higher regions of the air. 

Electric Light. When the ciicuit 
of a voltaic battery is nearly closed by 
means of two pencils of hard charcoal, 
which is an imperfect conductor, the 
points become incandescent, and pro- 
duce an arc of light u Inch lias hither- 
to been unsurpassed in biillianey. 
Hard charcoal is nearly infusible, so 
that it will bear the enormous heat 
produced ; the best foi m of chai coal 
is that which is sometimes deposited 
within the gas retort employed in 
the manufacture of &troet-ga?. The 
form of theflainc is not symmetrical 
with respect to the two poles of the 
batter}', the part next the positive 
pole having the greatest diameter ; 
and the diameter gradually decreases 
in approaching the negative pole. 
There is a mechanical transpoit of 
the material of the charcoal points. 
If these be sharp at the commence- 
ment of the experiment, the piece 
attached to the positive wire will 
have its point worn down into a 
cavity. At the same time, a mam- 
mill ited deposit continues to grow 
upon the charcoal of the negative 
wire. When the battery is very 
powerful, the electricity between the 
two charcoal points assumes the form 
of an arc of dazzling brilliancy. 
Witli GOO of Bunsen's cells arranged 
consecutively, uith the points in a 
vertical line, and the negative pole 
below, Despretz obtained an arc 7*8 
inches in length. With 100 pair-, 
the arc was only one inch in length. 
The most intense light is obtained 
when the points are very near to- 
gether, siuce, in such case, the resist- 
ance is less, a greater quantity of 
electricity passes in a given time, 
and the temperature is proportionally 
higher. The arrangement of the 
cells is also of importance. The 
electric light exerts all the effects of 
eolar light ; it determines the com- 


bination of a mixture oi chlorine 
and hydiogen, and blackens chloride 
of silver. When passed through a 
pi Km. the resulting spectrum varies 
only with the material of which the 
electrodes are made. Many attempts 
have been made to introduce this 
brilliant light into use for the pur- 
poses of aitilicial illumination, and 
most of our readers will have seen it 
during night work for engineering 
purposes street illuminations, and 
aI-<> in the lecture-room, for the illus- 
tration of optical and other experi- 
ments, fur which it is admirably 
adapted. It is also u-ed in the thea- 
tre, where some brilliant and beauti- 
ful stage effects are produced by its 
means. The objection? to the use of 
this light are — lir>t, its co?t, which 
is considerable ; secondly, the inten- 
sity of the light, which is painful to 
the eye?; thirdly, the mechanical 
arrangement, which involves some 
practical difficulties : the transfer of 
conducting matter from one pole to 
the other is also an objection. The 
electric light has been introduced 
into some of our lighthouses and 
those of Trance on the coast border- 
ing the English Channel. The first 
philosopher who applied the electric 
light as a substitute for the lime- 
light in the gas microscope Mas M. 
Foucault. One of the great practical 
difficulties in the employment of this 
light is to keep the points at a uni- 
form distance from each other, and 
at the same height in the lantern, so 
that the source of light may always 
be in the same position -with respect 
to the lens. This is effected by 
means of an electro-magnet and a 
clock movement, the function of the 
latter being to bring the two points 
towards each other, *o as to compen- 
sate fur their M*a?te in burning, M hile 
the electro-magnet cheek? the clock 
action when it is no longer required. 
It is found that the negative p< int is 
always consumed in the air more 
slowly than t lie positive one, so that 
means have to be provided for 
moving each point proportioned to 
the rapidity of its waste ; this effect 
is produced by making the two cy- 
linders of unequal dimensions while 
the chains transmit the movement 
of the clockwork to the points. The 
barrel contains a mainspiing and 
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the cloek movement, which is mode- wards and raises the pencil, whereby 

rated by a fly, tends to bring the the points are brought together 

two charcoal points nearer together. again, and the current is re-estab- 

This is done by means of two chains, lished. At C is a screw for regu- 

one of which is wound on the small lating the spiral spring B. O is a 

barrel and guided by the small section of the iron table that supports 

pulley, passes up the tube, over the the apparatus. The arrow shows 

pulleys, and is finally attached to the wires that convey the current, 

the metal holder, which holds the Electric Telegraph. The employ- 
negative charcoal point. The other ment of electricity in the transmission 

chain is wound upon the large drum, of intelligence originated at an early 

which moves on the same axis as . period of the history of electrical 

the small drum. This chain is science. Plans to this effect had 

guided over the pulley, and parsing been brought before the public ; but 

down the tube which holds the char- all wanted a simplicity of principle 

coal point, is fixed at the bottom of and of construction. In 1837, Messrs, 

the tube. M. Delcuil has a photo- Cooke and Wheatstone obtained their 

electric apparatus, in which the self- fust patent lor an electric telegraph, 

acting adjustment is very simple. applicable to general purposes. This 

The negative charcoal pencil is sup- patent has been subsequently fol- 

ported by a metallic rod, sliding lowed, at short intervals, by others 

with friction in a support, but 
being once regulated, it re- 
mains fixed. The positive 
pole is raised by the current 
as the charcoal Is wasted. For 

this purpose, a lever, A (see ✓ 

cut), attached at one end to a 
spiral spring, B, is capable of 
oscillating on the pivot L, 
through a very small space, 
and is maintained at the other 
end between the points of two 
screws, which limit its play. 

This lever is drawn upwards 
by the spring B, and downwards 
by the electro-magnet K. At 
the end of the lever, near B, is 



a straight steel spring, the upper 
end of which, at I, is engaged 
in the teeth of a ratcliet-bar, on the 
rod which carries the positive char- 
coal pencil P, and transmits to it the 
motion of the lever. As long as the 
current passes with its full force, the 
electro-magnet, E, attracts its arma- 
ture, m, \\ hich is attached to the 
lever A, one arm of the lever rries 
and the opposite arm sinks, the 
spring is drawn down, so that its 
upper extremity is lowered from one 
tooth to another of the rack. When, 
however, the distance between the 
charcoal points is increased, the cur- 
rent becomes weaker, and the electro- 
magnet, not being able to support 
the arm of the lever, the end is drawn 
up by the spiral spring, and the 
small spring being pressed against 
the tooth of the wheel, drives it up- 


DELEUIL S PHOTO-ELECTRIC APPARATUS. 

he in which the invention has boon 

;ir- gradually brought to its present 

he form ; the principles originally cm- 

hc ployed have been progressively 

lie rendered more varied and general in 

la- their application, and the apparatus 

he more simple in its details. By these 

e% improvements the number of wires 

he necessary for the conveyance of in- 

its tclligcnce has been reduced, and the 

ne construction has been rendered 

;n, cheaper and more perfect, 

he The electric telegraph involves in 
u*- its construction two essential princi- 

ro- pies. First, that a magnetised needle, 

>rt which is free to rotate about its 

,vn centre, being brought near to a wire, 

he through which an electric current is 

ist passing, has a tendency to place 

p- itself at right angles to that wire; 
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the direction of its motion following 
a certain invariable law. This fact 
was the discovery of Prof. (Ersted, 
of Copenhagen, in 1819. Secondly, 
that a piece of soft iron, not being 
permanently magnetic, is rendered 
temporarily so during the transmis- 
sion of an electric current along a 
wire coiled spirally around it. 

The figures to which reference is 
here made, in the biief description of 
the apparatus are, 1. A view of the 
interior of the single-needle instru- 
ment, showing the position of the 
coil and of the battery connections. 
2. A vertical section of the same, 
through the coil and handle. 3. 
The handle or key, in the position 
for giving a signal, part being re- 
moved, to render the battery connec- 
tions more distinct. 4. Plan of the 
same. The double-needle instrument 
differs from the single-needle only in 
the duplication of all the parts. 

The coil a, figs. 1 and 2, counts 
of a light hollow frame of brass or 
wood, around which are wound, in 
two portion 5 ;, about 200 yards of fine 
copper wire, covered with silk or 
cotton. This length of wire renders 
the indications of the needle distinct 
and prompt, even with a low-battery 
power, or when forming part of a 
very extended circuit. The resist- 
ance which would be offered by the 
fine wire of the coil (its diameter 
being about xioth of nn inch) to the 
passage of a current of electricity, 
derived from an ordinary battery of 
a few cells only, is overcome by uring 
a battery arrangement of consider- 
able intensity, but which developes 
the electrical fluid only in small 
quantity. Or, speaking rather more 
correctly, we should say, that the 
electro-motive resistance, both of the 
battery, and also of the ordinary 
circuit, bung very considerable, the 
introduction of the re^Ltance of the 
coil into the latter produces but little 
influence upon the transmission of 
the current. Within the brass frame, 
and therefore interior to the coils of 
wire, is suspended a magnetic needle, 
upon a horizontal axis b, which 
passes across the middle of the frame, 
and turns on fine pivots at the back 
and front of the cod. In front of the 
frame and of the dial of the instru- 
ment is fixed on the same axis h. a 
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second needle having its poles oppo- 
sitely placed to those of the first. 
This outer needle serves as the indi- 
cator or pointer, by which the signals 
are made, and at the same time is 
acted upon by the coil, though in a 
less degree than the inner needle. 
The combination of the two needles 
being thus rendered astatic, it is 
necessary to give a slight prepon- 
derance to their lower ends, in or- 
der that they may recover their 
vertical position, after having been 
deflected ; and the action of gravity 
has been found more effectual, in 
bringing the needle to rest without 
oscillation*, than either springs ap- 
plied at the sides or the directive 
influence of permanent magnets. 
With the coil and needles thus ar- 
ranged, it is evident that signals 
may be given by the combination of 
successive deflections to one side or 
the other ; the extent of such deflec- 
tions being limited to any degree 
that may be found convenient, either 
by pins' fixed on the dial of the 
instrument, or by stops placed at the 
sides of the brass frame of the coil. 
In fact, all that is necessary for 
rendering these movements of tha 
needle available for the transmission 
of intelligence, is a contrivance for 
reversing with ease and rapidity the 
connection of the battery with the 
ends of the two conducting wires. 
This expedient is provided by the 
handle or key of the instrument. 

The conductor through which the 
electrical current is to circulate must 
be absolutely complete in all parts. 
It is not necessary that the material 
of the circuit be the same throughout, 
but only that its comluctibility be 
maintained from the one pole of the 
battery to the other; the slightest 
want of continuity of the conducting 
matter, at any part of the circuit, 
being fatal to the passage of the fluid 
So long as the wires for telegraphic 
purposes were extended between the 
two points of communication, by 
being laid within tubes buried in the 
earth, a second wire was requisite to 
enable the current to return from 
the distant station to the point 
whence it set out. It was well 
known that the earth itself afforded 
such a means of return ; but the 
insulation of the wires in the tubes 
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from the earth could not be rendered 
sufficiently perfect to make the use 
of the earth, as a portion of the cir- 
cuit, either prudent or desirable. 
When, however, the wires were sus- 
pended in the air, according to Mr. 
Cooke’s patent of 1812, the earth was 
advantageously employed as half the 
circuit. All that was found neces- 
sary, was to connect the extreme 
ends of the conducting wire with 
plates of copper or other metal of 
two or three feet of surface, buried 
at some depth in the ground ; or with 
any system of gas or water-pipes, 
which might afford a continuous 
metallic path for the fluid to the 
earth. In either case, the depth of the 
connection beneath the surface mu-t 
be sufficient to injure certain contact 
w ith moist earth or with water, pro- 
vided that this latter be not cunlined 
within any cistern or reservoir. 
When all these precautions have 
been taken, the passage of electricity 
is readily effected, the earth appear- 
ing to offer little or no red-tanco to 
its progress. According to the law 
established by Ohm, the resistance 
of any conductor varies directly as 
its length, and inversely as its sec- 
tional area. The earth may evidently 
be regarded as a conductor, of which 
the diameter is infinite, compared 
with its length, and we might there- 
fore be led to expect the result men- 
tioned above. 

To return, however, to the descrip- 
tion of the apparatus, the key or 
handle by means of which the con- 
nection of the battery is effected and 
varied, consists of a cylinder, in 
which is a middle zone, e, of hard 
wood or ivory, while the ends are of 
metal. One of these ends, c, extend- 
ing through the case in front, forms 
the actual handle ; while the other, 
fl , is turned down to a shoulder and 
forms a pivot, which reds in a bra** 
collar,/;. The end d carries a steel 
pin,/, projecting upward, and c, a 
similar pin < 7 , directed downward. 
The battery being connected with 
the terminals 7. and c, and thence by 
the brass strips k and m, of which 
the extremities rest as springs on the 
metallic ends of the cylinder, may in 
fact be considered as having its poles 
at the two pins, / and g, which are 
fixed in those ends*. Two springs, A 


and A', are fixed by broad feet to the 
base of the instrument, and rest by 
their upper extremities on two studs 
or points projecting from a brass 
rod, ?, screwed into the case in front. 
These springs form the circuit be- 
tween the terminal 1 1 , with which 
one end of the conducting W’ire is 
connected, and l 4. Between this 
latter tc-immal and the external con- 
nection, Z 2, the coil itself, and the 
brass strip extending from Z 3 to l 2, 
are interposed. When a signal is 
being sent through the instrument 
(supposed to hold the place of No. 2 
in tig. 5). the current from No. 1 
being considered to enter from the 
long wire on the line, by the termi- 
nal Z 2, passes along the brass strip 
to the terminal l 3, thence through 
the coil to Z 4 ; then to the spring A, 
across the pin i, down the spring A', 
and to the terminal Z 1 in connection 
with the wire leaving the station. 
Wore the instrument in question 
situated as No. 1 or No. 3, it will be 
seen that one of the terminals, Z 1 or 
Z 2, according to its position, would 
be joined to the wire coming from 
the earth-plate. 

When a signal is to be given by 
the instalment, the handle being 
turned a* in figs. 3 and 4, one battery- 
pin, /, is brought in contact with 
the spring A', which is bent back and 
released from its contact with 1 , while 
the other batteiy-pin g , is pressed 
against the foot of the other spring 
//, w hich at this part is turned up to 
act as a stop. The current being 
then supposed to start from the pole 
/, proceeds down the spring A', to 
the coil and terminal Z 2, as before ; 
thence along the line through the 
other instruments and into the earth 
at the further extremity of the line. 
Re-ascending from the earth by the 
wire connected with the terminal 
Z 1, it gains the foot of the spring A, 
with which the second battery pole 
g , is in contact. It will he seen that 
the direction of the current is diffe- 
rent, according a** the key* is turned 
to the light or left. The position of 
the bnttei v wires is such, that the 
needle shall be deflected in paral- 
lelism to the handle. A comparison 
of fig. 5, in which three instruments 
are shown in series, with the figures 
1, 2, 3. and 4, will render the method 
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of connection, both of the two termi- 
nal and of the intermediate instru- 
ments, sufficientlj r obvious. The 
wires on entering a station are desig- 
nated as ‘ up ’ or ‘ down ’ wires, ac- 
cording to the portion of the line 
from which they come. Care must 
he, of cour-e, taken that all the in- 
struments in one series are similarly 
joined to the up and down wiies, so 
that the course of the current may 
he alike in all. At the extreme ‘ up 
station ’ the earth connection be- 
comes the 4 up wire,’ and at the op- 
posite terminus it takes the place of 
the 4 down wire.’ 

The electric fluid is represented 
as starting from one pole of the bat- 
tery only, and, after traversing the 
circuit, returning to the other pole. 
It is, however, more consonant 
with the theories deduced from the 
observation of electrical pheno- 
mena, to suppose that force is de- 
veloped equally at both poles of the 
battery. 

The second principle is that of the 
temporary magnetisation of soft iron 
by the electric current, applied for 
the purpose of sounding an alarum 
at a distant station, in order to sum- 
mon the attendant to his instrument. 
The same principle has been em- 
ployed from an early period of the 
invention, both by Mr. Cooke and 
by Prof. Wheatstone to transmit 
visible signals by causing the rota- 
tion of a disc, bearing the letters or 
figures, or of a hand or index point- 
ing to characters on a fixed dial; 
but in England the needle telegraph 
has been universally adopted, in pre- 
ference to any other form. Many 
improvements have, however, been 
effected within the last few ycais by 
Prof. Wheatstone in the construc- 
tion of the mechanical telegraph, as 
it has been named in contradistinc- 
tion to the needle instrument. The 
same gentleman lias also succeeded 
in substituting for the voltaic battery 
in the working of this telegraph, the 
magneto-electric machine, in which 
the current is derived by induction 
from a permanent magnet. Tin* im- 
provement which was effected by 
this adoption of a source of power, 
alike energetic and unalterable, will 
be immediately perceived. Tele- 
graphs on this plan of construction 


have been erected in Prussia and 
France, and, were it not for some 
very marked advantages connected 
wirii the use of the needle signals, 
they could hardly fail to become 
general. 

The ringing of the alarum was 
originally effected by the direct action, 
of the voltaic magnet upon the ham- 
mer of the bell ; but this method has 
been long superseded. 'Jhe appara- 
tus generally in use for this purpose 
is shown in a front and back view in 
figs. 11 and 13, and in a side view at 
figure 12. An electro-magnet is 
formed bv coiling fine insulated 
copper wire around two cylinders of 
very soft pure iron. These coils, c c f 
are then connected by two of their 
ends, in such a maimer that the 
direction in which the wire is wound 
about the iron cores may be alike in 
both. The iion cylinders are joined 
together at one end by a cross-piece 
d , likewise of soft iron, so that the 
whole then forms a horse-shoe mag- 
net, having however its two sides 
parallel. In fi out of the free ends or 
poles of this magnet, which is fixed 
on the top of the plates of the alarum, 
an armature a. of soft iron, is placed 
at such a distance that it may be 
strongly attracted by the electro- 
magnet when the circuit is completed 
through its coils. The armature 
moves on an arbor, upon which a 
detent or catch e, is fastened, and so 
arranged that it is disengaged from 
a small fly r, whenever the attraction 
takes place. This disengagement 
allows a train of clockwork, impelled 
by a spring or weight, to run down, 
and by the action of a scape-wheel 
and pallets, seen in fig. 11, a hammer 
h, lapidly strikes a small bell g . 
Immediately, however, that the cur- 
rent ceases to flowthrough the coils, 
the iron within them loses its mag- 
netism, a small re-acting spring/*, 
draws back the armature, and inter- 
poscs the detent so as to stop the 
clockwork. It is necessary that the 
iron of the magnet should be quite 
pure and soft, as otherwise the mag- 
netisation is to a greater or less 
degree peimanent; and this maybe 
the case to such an extent as to keep 
the armature attracted, even after 
the cessation of the electric current. 
The bell would then continue W ring 
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until the disengagementof the arma- 
ture were caused by the hand of the 
attendant. 

The bell or alarum may form part 
-of the telegraphic system in two 
modes. In the first and most eco- 
nomical, its coil is made to form part 
of the circuit of one of the needle 
wires, in conjunction with a key or 
rheotome. In the second and more 
complete method of introducing the 
alarum, a distinct wire is employed 
for it, in the course of which "the 
magnet coils at the several stations 
are interposed. A key of different 
construction (shown in section at fig. 
14) is then employed. The body is 
of brass, but two stout wires, z and 
'C, are conducted through ivory tubes, 
and terminated in studs, p p, at the 
top and bottom of the cylindrical 
end of the key ; the wires and studs 
being insulated from each other, and 
from the key, by the ivory in which 
they are fixed. The collar t and 
nut, t, serve to secure the key to the 
side of the case or box in which it is 
placed, the former t\ also containing 
the spring, by which, after use, the 
key is brought back to its quiescent 
position. Two springs, not shown in 
the tiguie, then rest against the metal 
of the end, one on each side, and 
while in this position, merely com- ; 
plete, by the intervening metal, the , 
circuit of the bell- wire which is con- 
nected to the foot of one spring j 
directly, and to the foot of thectlicr by 
the intervention of the bell coil. The 
wires, z and c, are joined to the two ; 
poles of the battery by pieces of thin 
wire, which will offer no resistance 
to the revolution of the key on its 
axis. In the quiescent position, the 
course of a current entering from a 
distant station would be, from the 
line-wire on one side, along one 
spring, across the body of the key to 
the other spring, and thence through 
the alarum coil to the continuation of 
the line-wire, or to the earth connec- 
tion. When, however, the bell is to be 
rung to call the attention of the clerk j 
at another station, the key is for a | 
moment turned one-quarter round, 
'ihis brings the battery stride, p p t 
into the circuit, instead of the body 
of the key ; and the current then 
proceeds from the battery of the 
ringing station by the soring and 


wire on one side, passes along the 
line, and returns by the earth through 
the outer spring again to the battery. 

The relative advantages of these 
two methods may be briefly stated. 
The first has the recommendation of 
economy, inasmuch as no additional 
wire is necessary for the bell. If, 
however, the clerk in charge of an 
instrument, after turning off his bell 
pieparatorv to sending or transmit- 
ting intelligence, should chance to 
leave his telegraph, and omit to turn 
the key so as to replace the bell in 
the circuit, no means are left to other 
stations of calling his attention, 
except by working the needles, with 
the chance of their movement meet- 
ing his eye. By the adoption of the 
second method, the expense of an 
additional wire is incurred, but the 
bells at all stations are constantly in 
a position to be rung it necessary. 
In addition to this, it may be re- 
marked, that by keeping the bell 
and needles distinct from each other, 
no derangement of the one is to be 
feared from injury to or derangement 
in the other. 

Mr. Cooke’s first plan, in the 
extension of the conducting wires 
between distant points, was, as has 
been already stated, to cover each 
w ire with cotton or silk, and then 
with pitch, caoutchouc, resin, or 
other non-conducting material, and 
to enclose them, thus protected* in 
tubes or pipes of wood, iron, or 
earthenware. Excepting in those 
localities where the suspension of 
wires is impracticable, as in streets, 
towns, or on public roads, the early 
plan has given place to more recent 
inventions. In 1343, a patent was 
obtained by Mr. Cooke, for a means 
of suspending and insulating the 
wires in the air, and the method 
described in his specification has been 
since adhered to, with little variation. 
The wires are generally of iron, which 
is galvanized, to protect it from the 
action of the atnn •sphere. They are 
ot about one-sixth of an inch in dia- 
meter, corresponding to Xu. 8 of the 
wire-gauge. Being obtained in as 
great lengths as possible in the first 
place, successive pieces are welded 
together, until a coil of about 440 
yards is formed. These rings or 
bundles weigh about 120 pounds 
1G7 
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each. The wire? are suspended on 
the line, from stout squaied posts or 
standards, of Dantzic or Memei 
timber. At each quarter-mile, a 
stronger post i* fixed, from which 
the succeeding length? of wiie on 
either side are strained or tightened 
up. Intel mediate to the-e pimeipal 
posts, are placed smaller standards 
at from 43 to 33 yard- asunder, for 
the purpo-e of supporting the wires. 
The straining apparatus i? veiy 
simple, coiisi-ting ineuly of a reel or [ 
pulley, tinning between two cheeks | 
of cast iron, and ca riving upon its 
axis a rat< het-whed. into the teeth 
of which a click or catch fall-. 
These w hiding head-, shown at r r, 
figs. 7 and 0, are connected through 
the po-t by a bolt of wrought iron, 
b , tapped into each head. Thi- holt 
not only bears the strain of the w he*, 
but also forms the metallic communi- 
cation between their ends wound on 
the two leels. In ord< r to in-ulute 
the bolt from the wood of the pu-t 
the hole in this latter is bored very 
large, and collars of eai then ware, t t, 
are inserted at each side, in which 
the bolt rest?, and against their outer 
surfaces the winding heads aie 
screwed up tight. Fig. 9 is a section 
through the post and collar, slum in g 
this arrangement. Fig. 7 i* a front, 
and 8 a side view of the head of a 
straining or quartcr-po-t. The wires 
arc usually arranged in two vcitieal 
planes, at the back and fiont of the 
standards, or intermediate po*ts. 
They are not strained at each quarter- 


The batteries employed are in the 
form of a Wollaston’s trough, in 
■which are arranged plates of copper 
and amalgamated zinc, each cell 
being filled with dry and clean sand. 
When about to be used, the sand is 
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mile, but at intervals of half a mile 
alternately ; those in the front plane 
at one post, and those in the back 
plane at the next. The standards 
or supporting po-t? have meiely to 
sustain the weight of the wires with- 
out relation to thtir tension. They 
have on each side two stout arms 
of oak or a-h, seemed by bolt 6 :, 
pacing from one to the other, and 
le-ting in collar- of eai then ware, x a 1 , 
where tli* y pas* tin ough the standard. 
The wiles pa-5 through pieces of 
earthenware, of a double cone shape, 
e e, fa-tened to the outside of the 
arms by -taples or clip-, having a 
nut and sciew at the end. These 
staph * embrace the cones at a groove 
in the middle of their length. An 
arm similar to thn-e on the standards 
is fixed to the bat k and fiont of each 
p.*-t alternately, to support that 
plane of wiie* which passes without 
being strained. The insulating 
eai tiicmvares lx tween the arm and 
post, y i/, aic, however, dilfercnt in 
shape horn those used with the 
tUudaid arms, as greater length is 
requisite. 

In passing through tunnels and 
bridge-, or in front of walls or build- 
ings, where posts cannot be conveni- 
ently fixed in the ground, the wires 
are supported on octagonal standards 
of oak or a-h, fixed at about six 
inche* fiom the wall by holdfasts of 
galvanized iron. 

The following arc the principal 
dimensions of the posts and poles. 


jmt moistened with dilute sulphuric 
acid, The-e batteries are singularly 
coii-tant, having been known to re- 
main in action during a period of from 
two to live months, with only the 
occasional addition of a little more 
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acid solution, to supply the waste by 
evaporation and saturation. The 
effect of the sand appears to be, the 
prevention of too rapid an action, 
and, at the same time, the separation 
of the sulphates of copper and zinc. 
No copper is therefore deposited on 
the zinc plate. The points necessary 
to be observed are the perfect amalga- 
mation of the zinc, the absolute free- 
dom of tbe sand from lime or other 
alkali, from carbonates or muriates, 
and the purity of the sulphuric acid. 
The zinc is about ^ or of an inch 
thick, and is in pieces of 4 h inches 
by 3 inches. These plates will last 
with care for five or six months in 
almost constant action. A battery 
series of from 12 to 60 pairs is re- 
quired, according to the length and 
nature of the line and the number of 
instruments in connection. 

The arrangement of the wires will 
be easily understood by reference to 
fig. 10. Six wires are extended along 
the whole length of railway, of which 
the upper pair are used with a spe- 
cial double-needle instrument, for 
verbal communications, between the 
main stations, which are Norwich, 
Brund all, Reedham, and Yarmouth. 
Each of the other four wires includes 
at every station a coil and single 
needle. On the dials connected with 
the lirst wire of these four, is en- 
graved the name Norwich at all the 
stations ; with the second that of 
Brundall, with the third Reedham, 
and with the fourth Yarmouth. The 
distinct telegraphic system belong- 
ing to each station ha 5 ?, therefore, its 
representative at all the other sta- 
tions. Each needle or pointer repre- 
sents the state of the portion of line 
under the control of the station the 
name of which it bears. The alarum 
of each instrument is connected only 
with the wire of its own station, so 
that on moving either of the needles, 
the alarum w ill be rung at the places 
corresponding to the name of the 
needle, but at no other point, al- 
though the movement of the pointer 
will be visible throughout. 

The article on ‘Electro-Telegra- 
phy,’ which formed the addenda to 
the volume originally, lias been re- 
tained, with but some slight altera- 
tions, it being found to oe correct in 
all that relates to the main principles 


of electric communication. There 
have been several new instruments 
of exceeding delicacy introduced, 
this sensitiveness having been ob- 
tained by the completeness of insu- 
lation, and the mechanical arrange- 
ments generally. 

Deep sea telegraphy has been so 
successfully carried out that the 
earth is now almost completely 
girdled with the telegraphic cables. 
Some notice, therefore, of the prin- 
ciples involved in their construction 
becomes necessary. 

If a wire insulated by means of 
gutta-percha, or any other non- 
conducting substance, is connected, 
so as to complete the circuit, with 
the two ends of a voltaic battery, a 
current flows through it. This 
means that an electrical wave of 
motion is propagated along it in a 
given direction. If another copper 
wire is placed near it— though not 
in contact with either it or the bat- 
tery — another current or wave is 
generated— that is, induced t in it. 
This induced current interferes, to 
a greater or less extent, with the 
primary current; and where great 
lengths of cable arc concerned, it be- 
comes an element of serious consider- 
ation. If a coated wire is placed on 
the earth, and an electrical current 
is established in it, the earth acts tho 
part of the second wire, and induc- 
tion is developed on its surface. Mr. 
Yuriev has examined this problem 
with much care, and has arrived at 
the following conclusions. In a sus- 
pended wire the insulatory medium 
of the air takes the place of the 
gutta-percha of the submarine cir- 
cuit. The earth, which is the 
nearest conductor, is a considerable 
distance off, and is only on one side 
of the viire ; therefore, but little in- 
duction can take place between the 
wire and the earth. Nevertheless, 
induction to a certain extent does 
take place, and it can be detected 
with delicate apparatus in circuits of 
very moderate lengths. If the dis- 
tance between the wire and the 
earth is decreased, induction will be 
developed more strongly, and the 
wire could be brought down step by 
step, until the condition of a subma- 
rine circuit would be approached, 
where the earth surrounds the wire 
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on all sides, and is only separated 
from it by the thickness of £th or 
i 3 cths of an inch of gutta-percha, a 
substance possessing, moreover, spe- 
cifically a much greater inductive 
capacity than air. It therefore ap- 
pears that the conditions are precisely 
the same, only differing in degree. 
It is, nevertheless, evident from this 
that a submarine wire is placed 
under circumstances of greater diffi- 
culty than those whh h sui round an 
aerial wire. This difficulty increases 
with the length of the wire, retarda- 
tion becoming more and more power- 
ful as the distance through which 
the wave has'to move is extended. 

A submarine cable may be re- 
garded as a Leyden jar ; and the tele- 
graphic indications are analogous to 
the discharges of a coated glass. An 
impulse is given by making a con- 
nection with a voltaic battery at one 
end of a wire suspended in air— and 
it indicates telegraphically by pro- 
ducing magnetic disturbance at the 
other — and a succession of impulses 
will rapidly give a succession of indi- 
cations. Now in an insulated sub- 
marine wire, this is not exactly what 
takes place. A distinction has to be 
drawn between the simple arrival of 
a current w Inch may be regarded as 
instantaneous, and "the production of 
a telegraphic signal. After having 
charged the wires sufficiently to j 
devclope an appreciable current, 
owing to the wire taking some time 
to empty itself, if currents are sent 
in succession with any rapidity, they 
will blend into one another, and, in- 
stead of getting a series of distinct 
impulses at the further extremity, a 
continuous undulating wave will be 
obtained. This sluggishness has been j 
obviated, to a great extent, in cir- 
cuits of moderate length, by employ- 
ing opposite currents of electricity 
in succession. The effect of this i\ 
to absorb the preceding wave, and 
to neutralise it much more quickly 
than would be the case if the wire 
were left to discharge itself in the 
usual way. In a suspended wire, as 
there is but little induction, there 
can be no accumulation of the static 
charge worth noticing ; whereas, a 
submarine wire, unless attention be 
paid to this, becomes useless for tele- 
graph}'. 
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The electric conductor of the At- 
lantic cable is formed of seven wires 
— six around one. Seven wires are 
used rather than one to give greater 
freedom to the electricity in passing 
by presenting a more 
extensive surface. 

The construction 
of this cable requires 
a large amount of 
care. Each wire is 
carefully coated to 
insure perfect insulation; the seven 
are then bedded in a composition 
and carefully covered with jute, 
over which wire-rope is twisted 
to secure the whole from injury. The 
shore ends of the cables are yet further 
protected by a thick packing of 
hemp or jute, and an external cover- 
ing of stout wires twisted into a 
rope. 

Electrode, the pole of the voltaic 
circle. The electrodes are the sur- 
faces of air, water, metal, etc., which 
serve to convey an electric current 
iutoand from the liquid to be decom- 
posed. 

Electro -gilding. (See Electro-metal • 
lurqy.) 

Electrometer, or Electroscope, an 
instrument for measuring the quan- 
tity, pressure, or intensity of elec- 
tricity. 

Electro-metallurgy, Electrotype. 

The process of reviving metals from 
their solutions by means of current 
electricity. To Professor Jacobi and 
Mr. Thomas Spencer is due the merit 
of the discovery. Professor Jacobi, of 
St. Petersburg, announced on Slay 4, 
1839, in the Atheimim, that he had 
‘found a method of converting any 
line however fine eng raved on copper 
into a relief by a galvanic process/ 
On May 8, 1839, Mr. Spencer an- 
nounced before the Polytechnic 
Society of Liverpool the fact of his 
having succeeded in precipitating 
copper by the agency of electricity. 
It is evident that those two experi- 
mental Lts were both, unknown to 
each other, working at the same time, 
on this interesting subject, and they 
arrived at precisely similar results. 

It i» beyond the intention of this 
volume to do more than indicate the 
principles involved in the process of 
the electro-deposition of the metals. 
If a zinc plate and a copper plate, 
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with a wire attached to each, are 
placed in a slightly acidulated solu- 
tion, a chemical action is established 
on the zinc plate. Oxide of zinc is 
formed at the expense of the oxj'gen 
of the water. During this, there is 
a development of electricity, in ex- 
act equivalence with the chemical 
change: and this electricity passes 
to the copper plate. If the wires 
attached to those two plates are j 
carried into another vessel contain- 
ing, in solution, copper or silver, an , 
exact equivalent of either of those 
metals is deposited upon one of the ; 
terminal wires. If an engraved plate, 
a coin, or a moulding of any artistic i 
work, the surface being covered with 
some conducting body, are connected 
with the wire, the metal is deposited 
uniformly over, it, and we have a 
copy, the reverse of the body, upon 
which the metal has been thrown 
down. If in this way an engraved 
plate is copied, the precipitated plate 
will have all the lines of the engraved 
plate in relief. Therefore, another 
copy must be taken by the same 
means, to insure a fac simile of the 
original. In this way all the maps 
of the Ordnance and of the Geologi- 
cal Survey are copied. The maps 
are printed from the electrotype 
plates, the original plate being thus 
preserved intact. 

It will be obvious to all that 
numerous applications of this pro- 
cess can be made, all that is neces- 
sary being to cover the surface of 
any object of which a copy in metal 
is required with some good con- 
ducting body, plumbago — being 
rubbed over the surface — furnishes 
the best possible condition. The cha- 
racter of this work forbids the intro- 
duction of those details which mud 
be sought for in works devoted to the 
subject. 

Electro-motive Engines. Nu- 
merous engines have been from time 
to time constructed, which were to 
he moved by electrical power. Ex- 
cept on a small scale, none of these 
have been successful ; that is to say, 
>ary 

. ■ .Imit 

An 

„ „ ' the 

Institution of Civil Engineers, for 
which he received the Telford medal, 
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contains a description of each form 
of electrical engine employed. The 
following paragraph written by the 
editor comprehends the philosophy 
of the whole question : — 

* Mechanical force, whether ob- 
tained in the form of man-power, 
horse-power, steam-power, or electri- 
cal power, is the result of a change 
of form in matter. In the animal, it 
is the result of muscular and nervous 
energy, which is maintained by the 
due supply of food to the stomach. 
In the steam engine, it is the result 
of vapour pressure, which is kept up 
by the constant addition of fuel to 
the fires under the boilers. In the 
Magnetic (Electrical) machine, it is 
the result of currents circulating 
through wires, and these currents 
are directly dependent upon the 
change of zinc or some other metal 
in the battery. Then, animal power 
depends on food ; steam power de- 
pends on coal ; electrical power de- 
pends on zinc.’ (Ure’s Dictionary , 
edited by Robert Hunt.) As the 
power produced is exactly equivalent 
to the quantity of matter changing 
form, the cost of an electrical ma- 
chine is regulated by the cost of th® 
zinc ; the cost of a steam engine by 
the cost of coal. The former is above 
20/. a ton, the latter not more than 
11. a ton. 

Electro-plating. The precipitation 
of metallic silver or gold by voltaic 
agency upon the surface of the baser 
metals of which the article to be 
plated is formed. As usually prac- 
tLed for silver it is as follows : a 
solution is made as follows : cyanide 
of potassium is carefully added to a 
dilute solution of nitrate of silver, 
when a white cyanide of silver is 
deposited. This cyanide of silver is 
dissolved in cyanide of potassium. 
For gold, the gilding solution is ob- 
tained by dissolving the anhydrous 
peroxide of gold in cyanide of potas- 
sium, or by treating chloride of gold 
with cyanide of potassium. 

Into* the solution of either gold or 
silver the article to be plated is 
placed, connected by a copper wire 
with the voltaic battery. With the 
wire from the opposite pole is con- 
nected cither a plate of silver or ot 
gold, as the case may be ; and this 
is placed in the plating solution, 
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separated by a short interval from 
the article to be silvered or gilded. 
The result of this is that, as the gold 
or silver is deposited on one side, 
precisely the same quantity of tho^c 
metals is dissolved on the other, and 
the solution is maintained of the 
same strength. It has been found 
that the addition of a few drops of 
bisulphide of carbon to the solution 
secures the deposition of the silver or 
gold as a bright film. Gold is not 
deposited quite so readily as silver is. 

Recently nickel and iron have 
been precipitated by modifications of 
the above process. 

Eleetrotinfc, an art of preparing 
tinted plates by the action of elec- 
tricity on a copper plate. who«e sur- 
face is sunk, and which thereby pro- 
duces a fine tint in relief, for use in 
the ordinary printing press. 

Electrum, the ancient Greeks gave 
this name to amber, and to the paler 
varieties of native gold, or to alloys 
of gold and silver containing from 

20 to SO per cent, of silver. One 

of the numerous names given to 

German silver. An alloy composed 

of 8 parts of copper, 4 parts of nickel, 
and 3 parts of zinc. 

Elegance, in ' a design , is a manner 
which embellishes and heightens 
objects, either as to their form or 
colour, or both, without destroying 
or perverting truth. 

Elemi, a crystallised rerin, which 
exudes from the bark when incised 
of the Amyrh elan if era. 

Elevation, a vertical projection of a 
building, or machine geometrically 
drawn. 

Eliquation, separation of lead and 
silver from copper. A process 
formerly used for the separation 
of silver from copper by means 
of lead. The three metals were 
melted together, cast into discs, and 
suddenly cooled. By exposing these 
discs to a red heat the lead melted 
and separated or liquated from the 
copper, earning the greater poition 
of the silver with it, the copper 
remaining in a spongy mass having 
the form of the original disc. The 
separation was a very imperfect one, 
and the process ha-> been abandoned. 

Elizabethan Architecture, the 
style which prevailed in England at 
the time of Queen Elizabeth, and im- 
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mediately subsequent to the Tudor 
style of Henry VIII. 

Ellipse, Ellipsis : this curve is one of 
the conic sections, and next in im- 
portance to the circle and the straight 
line. It is an oval figure generated 
from the see t ion of a cone by a plane 
cutting both sides of the cone, but not 
parallel to the base, and meeting 
with the base when produced. 

Elliptic compasses, a term given to 
any machine for describing ellipses. 

EHiptograph, an instrument for 
drawing ellipses. 

Elm, a well-known tree, the wood 
which it produces being largely used. 
Specific gravity, 0-544 ; weight of a 
cubic foot, 34 lbs.; weight of a bar 1 
foot long and 1 inch square, 0-23G lbs.; 
will bear on a square inch without 
permanent alteration, 3,240 lbs., and 
an extension in length of ; weight 
of modulus of elasticity for a base of 
an inch square, 1,340,000 lbs.; height 
of modulus of elasticity, 5,680,000 
feet ; modulus of resilience, 7*87 ; 
specific resilience, 14*4. (Calculated 
from Barlow’s Experiments.) 

Compared with cast iron as unity, 
its strength is 0-21 ; its extensibility, 

2*9 ; and its stiffness, 0*073. There 
are five species of elm need in Europe : 
their mean size, 44 feet long, 32 
inches in diameter. The wood is not 
liable to split, and bears the driving 
of nails, bolts, etc. : much used in 
building ; also for the keels of ves- 
sels, and for wet foundations. 

Elutriation, the separating of pow- 
dered substances into different $$ 

degrees of fineness, by diffusing them 
through water and pouring off, before 
any but the coarsest part has had 
time to deposit : more generally 
known as lev i gat ion, 

Elvan, in Cornish , a hard close- 
grained stone, of great value for 
building purposes. It is usually 
stated to be of a porphyrxtic cha- 
racter, but it not unfrequently assumes 
the character of a granite which has 
been subjected to a high temperature, 
and forced in a plastic state through 4 
figures to the surface. 

Embankments, raided mounds oi 
dykes to preserve the proper and 
useful course of rivers, etc.; and also 
for forming a level line of railway, 

On the banks of the Po, two sorts of 
embankments are used to prevent the 
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river from overflowing during the 
winter, or the flood season. They are 
called * in froldi * when immediately 
upon the banks of the river, and 1 in 
golene’ when at any considerable 
distance, as it is sometimes found 
advisable to allow the river to spread 
over a large surface of the adjacent 
valley, either for the purpose of ad- 
mitting it to deposit the mud in sus- 
pension, or to allow it to lose its 
torrential character. 

The Haarlem lake merits observa- 
tion for the extensive works executed 
for the defence of the land, and for 
the canals reserved for the naviga- 
tion. The enclosure dyke or em- 
bankment is 50,000 metres long, or 
rather more than 31 miles. It has 
two outfall dykes, which serve for 
the navigation, 9,000 metres, about 
5£ miles ; one half of which is 40 m. 
(131 ft, 2 in.) wide at the bottom or 
floor line ; the other 43 m. 20 (141 
ft. 10 in.). 

The ordinary tides are, at the flux, 

2 ft. 4 in. above the scale or datum 
line at Amsterdam ; at the reflux, 

2 ft. 8 in. below the same datum : the 
difference between high and low 
water is then, on the average, about 
5 feet. With violent winds from the 
n.w. however, the tides rise some- 
times 6 ft. G in. above the average. 
The tides of the Y, near the lake, are 
+ 16c. (or 6£ in.) and — 23c. (or 
9 in.), giving a total variation of 1 ft. j 
3£in. 

The estimated cost of reclaiming j 
the 18,000 hectares was 8 millions of 
florins, or 667,000/, English, nearly, 
about 13/. per acre. Previously to 
undertaking this colossal work, the 
Zind Plass, of 4,600 hectares super- 
ficial (nearly 11,500 acres), had been 
reclaimed at a cost of 3 millions of 
florins, or 250,000/.; not far from 22/. 
per acre. The heights of the enclo- 
sure dyke arc + or — the datum 
line or mean level of the sea at 
Amsterdam. The embankment of 
the flooded part of the Amsterdam 
and Haarlem Railway consists of 
treble ranges of fascines tied down by 
longitudinal poles 1 metre apart from 
centre to centre, and O' 25c. diameter ; 
two double stakes at each end of the 
poles, and two ties in the intermediate 
distances. The interstices of the fas- 
cines and the space between the rows 


are filled in with sand. The upper 
part, forming the encasement for the 
ballast, is made of three rows of 
treble fascines, well staked, and 
wattled together. 

A core of sand or clay, faced with 
step fascines, is made up to low- 
water mark. Upon this a bed of 
rushes, fastened dow n by stakes and 
wattles, is laid ; and the upper por- 
tion of the bank is faced with fascines 
of a regular slope of 1 to 1. 

Embattled, a term applied to any 
building with a parapet, and having 
embrasures to resemble a battery. 

Emblem, a figurative representation, 
which lias the power of conveying 
some religious idea to the mind. 
Books of emblems were at one time 
very fashionable. 

Emblema, an emblem, or inlaid orna- 
ment of divers colours. 

Embolite. Chlorobromide of silver. 

Embolus, in mechanics , a wedge; 
anciently, among the Greeks, the 
prow or beak of a vessel, or a body 
of soldiers in the form of a wedge. 
The movable part of a pump or 
syringe, named likewise the piston or 
sucker. 

Embossing, forming work in relievo, 
whether cast or cut with a chisel ; or 
in modern times, the art of producing 
raised figures upon wood or other 
materials by means of pressure, either 
applied by a sudden blow, as in a 
stamping press, or in a more gradual 
manner, as by an ordinary screw 
or hydraulic press, or by means of 
revolving cylinders. 

Embossing wood. The wood to be 
ornamented is first worked out to its 
proposed shape ; then with a blunt 
steel tool, the pattern is made, by 
driving it cautiously so as not to 
break the grain of the wood, till the 
depth of the depression is equal to 
the intended prominence of the 
figures. The ground is then reduced 
by planing or filing to the level of 
the depressed part. After which the 
wood being placed in water, the part 
depressed will rise to its former 
height, and thus form an embossed 
pattern. Another process is to use 
metallic dies, which are made red- 
hot, and then pressed on the wood. 
The pattern being thus burnt in, the 
chased portions are brushed out, and 
the design finished by hand. 
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Embossing leather. Ornaments in 
basso-relievo are manufactured from 
leather by the pressure of metallic 
blocks and dies. 

Embrasure, the crenelles or interval 
between the merlons of a battlement, ; 
the opening made in the breastwork j 
of a battery. 

Embroidery, the art of working de- j 
vices on woven substances with a 
needle and thread. 

Emerald, a beautiful gem of a green j 
colour. It con-jEts of silicate of 
alumina and glucina, and in form the j 
crystal is a six-sided pri^m. The j 
finest emeralds come from Bogota 
in South America, where they occur | 
in a black limestone. 

Emerald green is a copper green | 
upon a terrene base : it is the most | 
vivid of this class of colours, being 
rather opaque, and powerfully refiec- , 
live of light: it appears to be the 
most durable pigment of this class. | 
It is either the acetate or carbonate 
of copper, or the arseniate of copper, 
which is also known as Scheele's 
green. (See Bice.) 

Emery, an amorphous form of corun- 
dum consisting chiefly of alumina. 
It is excessively hard, and when 
powdered it is used for cutting and 
polishing gems, glass, and metals. 

Emissarium, a sluice, flood-gate, or 
channel by which an outlet is formed 
to carry off stagnant or foul water : 
according to Pliny, an artificial canal, 
formed for the draining of stagnant 
waters. 

Empaistie, inlaid work consisting 
of pieces of one metal being ham- 
mered into another: it somewhat 
resembles Buhl. 

Empatage, a French term for the 
first combination of an alkali with 
the fatty acids. 

Emplecton, a method of constructing 
walls introduced by the Greeks and 
copied by the Roman aiehitects, in 
which the outside surfaces on both 
sides were formed of ashlar laid in 
regular courses, and the central 
space between them filled in with 
rubble-work, layers of cross stones 
being placed at intervals in regular 
courses, and of sufficient size to ex- 
tend through the entire thickness of 
the wall, and so act as girders to bind 
the whole together. 

Empyreal air, the first name given 
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to the gas which we now call 
oxygen. 

Enamel, a semi-transparent or opaque 
glass. Enamels may be either white 
or coloured : the term is also applied 
to the coating of the teeth of animals. 

Enamelling, the art of using enamel, 
which is divided into transparent 
and opaque. The first is employed 
for the purpose of ornamenting gold 
and silver ; the second, commonly in 
the manufacture of w*atch and clock 
dials, and of plates for pictures, etc. 

Encarpa (Encarpus), according to 
Vitruvius, festoons of carved fruit 
and flowers, employed as decorative 
ornaments. 

Encaustica, the art of encaustic 
painting, i.e. in colours mixed w'ith 
wax, and afterwards hardened by the 
action of lire. 

Encaustic Tiles, tiles in which 
designs are produced by fusing in 
other colours than such as form the 
colour of the ground. (See Tessera \) 

Enchasing, the art of enriching and 
beautifying gold, silver, and other 
metal w ork, bv some design or figure 
represented thereon in basso relievo. 

Enclosure, a fence, a wall, or hedge, 
or other means of protection and 
security surrounding land. 

Endecagon, in geometry , a plane 
figure of eleven sides and angles. 

Endless Screw, a mechanical ar- 
rangement consisting of a screw 
the thread of which gears in a wheel 
witli skew teeth, the obliquity corre- 
sponding to the angle of pitch of the 
screw. It is generally used as a 
means of producing slow motion in 
the adjustments of machines, moving 
the valve gear of marine engines by 
hand, &c., rather than as an organ of 
transmission of any great amount of 
power. 

End-irons, andirons or dogs , articles 
of household furnitme, in earlier 
times, used in fire-places to sustain 
the ends of logs of wood. 

Engineering, Civil. This profession 
may be said to have originated in 
England about the middle of the last 
century. Before that period, when- 
ever the prospects of great profit 
induced individuals or bodies to 
incorporate themselves for the pur- 
pose of undei taking extensive sys- 
tems of drainage, or for the supply 
of water, requiring the assistance of 
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an engineer, recourse was generally 
had to those great masters of 
hydraulic engineering, the Dutch. 
True it is that some solitary excep- 
tions have occasionally been found ; 
men who, like Sir Hugh Myddelton, 
combined a speculative turn of mind 
with some mechanical knowledge, 
and to these two qualities added an 
untiling energy of purpose, leading 
them to persevere in any under- 
taking, even under the most dis- 
couraging circumstances. But these 
men were rare instances of a peculiar 
talent, which, though it thus dis- 
played itself occasionally, was far too 
uncommon a gift to allow the posses- 
sors of it to form a class or profession. 
The case is very different now : a 
demand for this peculiar talent has 
been created of late years by the 
extraordinary development of our 
system of internal communication, 
as well as by the application of steam 
to the purposes of our manufactures. 
So great indeed has been the demand, 
that the profession may be said to be 
divided into two distinct bodies, viz. 
those who turn their attention to 
subjects which come more particu- 
larly within the scope of the duty of 
a civil engineer , such as docks, 
bridges, canals, railroads, etc., and 
those who devote themselves alto- 
gether to the manufacture of ma- 
chinery, or the mechanical engineer. 

A civil engineer should, in addition 
to the knowledge required to fit him 
as well as others for the active duties 
of life, have such a knowledge of 
mathematics as will enable him to 
investigate as well as to apply the 
rules laid down by writers on those 
branches of the mixed sciences to 
which his attention will most fre- 
quently be drawn. lie should be 
well acquainted with the principles 
cf mechanics, hydraulic'*, and indeed 
with all the branches of natural 
philosophy ; and a certain amount 
ot chemical knowledge will be found 
very valuable: he should be able to 
draw neatly, and should understand 
the principles of projection upon 
which all engineering drawings are 
constructed, a general knowledge 
of the principles of architecture will 
also be essential. Having acquired 
the requisite amount of theoretical 
information, the next step is to gain 


that practical knowledge which is 
essential in order to the proper appli- 
cation of this information. 

Engineer, Steam-boat. A steam- 
boat engineer is a person employed 
for the puipose of keeping the 
engine or engines of a steam vessel 
in as. efficient a state as possible, and 
to supei intend their working. 

He must set the engines to work, 
regulate their speed, and stop them, 
as may be required. His duties 
while the engines are at w r ork are 
various. lie must take care that 
every moving part is properly lu- 
bricated ; that no steam is allowed 
to pass through valves or joints that 
ought to be steam-tight ; that no air 
is permitted to enter in any of the 
parts of the engine where it is essen- 
tial that a vacuum should be kept 
up ; aud that none of the bolts, or 
pins, or keys, w'ork loose by the 
vibration, and shift their position, 
or come out of their places. He must 
also take care that none of the work- 
ing parts become overheated by any 
undue amount of friction, arising 
from any want of proper lubrication, 
any excessive tightness, or any other 
disturbing cause ; and if they should 
become overheated, he must take 
prompt and energetic measures to 
remedy the evil, and prevent any 
serious consequences arising there- 
from. He must from time to time 
carefully observe the effect produced 
by the gradual wear of the working 
parts, so that if the truth or accuracy 
of any of these seems to be materi- 
ally affected, he may take steps to 
rectify the defects when lying up in 
harbour. He must also be careful to 
observe if the frame of the engine 
ever begins to move or work in any 
way, and endeavour to discover the 
cause, in order that it may be 
remedied when the engines are at 
rest. One of the most important 
of his duties is to take care that the 
engines aie kept clean, and any grit 
or dirt prevented from getting into the 
bearings or moving parts : he must 
wipe away all oil and grease most 
carefully and completely as soon a3 
they have passed through the bear- 
ings, and prevent them from run- 
ning down the rods or remaining 
about the engine. 

The boiler requires his unremitting 
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and particular attention, in order 
that the proper supply of steam, 
neither too much nor too little, may 
be generated for the engine. To 
insure this, the management of the 
fires must be duly attended to, both 
in the supply of coal in the proper 
quantities at the proper intervals, 
and in the periodical clearing of the 
fires from the earthy matters of the 
coal, which may have become vitri- 
fied in the furnace, and formed what 
are called clinkers. By due attention 
to the former, the smoke in all well- 
proportioned boilers may he very 
greatly abated ; and by due attention 
to both, the consumption of fuel 
(when the engines are prevented by 
a strong head-wind, or by the deep 
mmersion of the paddle-wheels on the 
commencement of a long voyage, 
from making the proper number of 
strokes, and thus using the proper 
amount of steam) may be reduced in 
an equal or greater degree than has 
taken place in the consumption of 
steam. The due and constant supply 
of water to the boiler, to compensate 
for the constant evaporation of the 
water in the formation of the steam, 
must be assiduously attended to. 
Another of the most important of 
the duties of a steam- boat engineer, 
during the time that the engines are 
at work on a voyage at sea, is to 
attend to the degree to which the 
water in the boilers may become 
saturated with salt by the continued 
evaporation which is going on, and 
to take care that this saturation is 
not allowed to be carried to such an 
extent as that a deposition of the 
salt and other matters contained in 
sea- water should take place. After 
the boilers have been in operation 
for three or four hours in salt water, 
so that the water in them has be- 
come brine, he ought to test the 
strength of it, that is, he ought to 
ascertain the degree of saturation to 
which it has reached, and continue 
this examination periodically, whe- 
ther the engines are fitted with an 
apparatus for the continuous dis- 
charge of a portion of the brine, to be 
exchanged tor a portion of sea- water, 
or whether this system of exchange 
is left entirely at his discretion, to 
be attended to by means of the com- 
mon blow-off cocks. The best test 
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is the common hydrometer, though 
the thermometer has hitherto been 
more commonly applied to this pur- 
pose, as the brine is considered to 
be of a proper strength when it boils 
under atmospheric pressure at a 
temperature 2° higher than that at 
which the common sea-water will 
boil at the same time, under the 
same circumstances. 

Before coming into port, it may 
occasionally be advantageous to 
take indicator diagrams, to see 
whether the action of the valves 
continues to be correct. 

The duties of a steam-boat en- 
gineer, on arriving in port after a 
long voyage, are also various, and 
equally important with those he has 
to perform when out at sea. Im- 
mediate!}’ on coming to anchor, it is 
a good practice to test the tightness 
of the steam-valves and pistons, by 
putting them in such a position that 
it can be seen if they allow any 
steam to pa 5 s when it ought not to 
do so. If any imperfections in these 
the mo>t\ilai paits of the engines 
are discovered, he raiibt draw out the 
valves, or lift the cylinder covers, to 
get at the pistons, and rectify the 
defects in the best manner that he 
can -with the means within his 
power. He should occasion illy ex- 
amine all the interior parts of the 
engines and rectify any incipient 
defects. lie must now also rectify 
any want of truth in the parallel 
motion or in any of the shafts or 
working parts caused by wear, and 
tighten or make good any of the 
fastenings of the fiame if he has 
found them to be loose, and put to 
rights any other such defects. Any 
parts subject to corrosion should be 
carefully examined, cleaned, and 
dried, and painted if need be. The 
water should be blown off out of the 
boilers as completely as possible, and 
all ashes and soot thoroughly cleaned 
out of the furnaces and Hues as soon 
as possible. The furnaces and flues 
must then be thoroughly examined, 
and the slightest leak or defect that 
can be discovered made good ; as it 
is especially important in a boiler to 
stop these defects at the first, as 
otherwise they spread very rapidly. 
No pains should be spared to discover 
any suspected leak of steam on the 
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top of the boiler, as nothing tends 
more to corrode and destroy a boiler 
than this. Inside the boilers, any 
scale that may have been deposited 
from the brine having been allowed 
to become too strong must be re- 
moved, and the whole thoroughly 
cleaned out from every part of the 
boiler, from below as well as from 
the tops and sides of the furnaces 
and flues. The take-up, the inside of 
the steam-chests, and of the roofs of 
the boilers, which are the parts most 
subject to corrosion from the interior, 
should be very carefully examined, 
and after being duly scraped and 
cleaned and dried, they should be 
well painted with two or throe coats 
of red lead, or done over with some 
other preservative. 

The paddle-wheels should also be 
thoroughly examined, and any bro- 
ken floats or hook-bolts replaced by 
new ones. The whole of the iron- 
work should be thoroughly scraped 
and cleaned, and, when dry, painted 
with three coats of red lead, or done 
over with black varnish, once every 
four months at least. When in har- 
bour, especially if lying in a stream 
or tide-way, the wheels ought to be 
turned round every three or four 
days, to change the parts exposed to 
the action of the water: and thus pre- 
vent corrosion. The various kinds of 
the screw now in use should he well 
studied, and all circumstances con- 
nected with its operations should be 
closely watched, for every incident or 
change should be considered as a new 
experiment, 

lie must now also get his supply 
of stores made good, so as to be ready 
for another voyage. 

To qualify an engineer to perform 
these duties, he should be trained as 
a mechanic, and be a fair workman 
in iron, brass, and wood. He should 
be able to work not only at the lathe 
or vice, but also at a smith’s forge. 
Ilis education should be such as to 
make him able to keep accounts, and 
make notes in his log of all that 
occurs in the engine-room. He 
should have sufficient knowledge of 
mechanical drawing to enable him, 
in the event of any important part of 
the engines being broken when at a 
distance from any manufactory, to 
make such a drawing of it as would 
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enable a manufacturer to replace it. 
He should have some knowledge of 
the first principles of mechanics, a 
general knowledge of the leading 
principles of hydrostatics, hydrau- 
lics, and pneumatics, without which 
he cannot fully understand many of 
the principles carried on in the en- 
gine, and on which its power de- 
pends. Some knowledge of heat, of 
the theory of combustion, of ebulli- 
tion, and of evaporation, may also be 
reckoned as almost indispensable: 
to which should be added, if pos- 
sible, an acquaintance with the sub- 
ject of steam, especially as regards 
its temperature, pressure, and latent 
heat. 

Engineer, Mechanical, one who is 
efficient in the invention, contri- 
vance, putting together, and the 
adjustment of all kinds of machi- 
nery ; who is acquainted with the 
strength and quality of the material 
used, and who also possesses a 
thorough know ledge of the power of 
steam and the engine in all its modi- 
fications, and the uses for which this 
motive power is applied : he should 
also be duly acquainted with mill- 
work of the several kinds, whether 
impelled by steam, water, or wind. 

The course of the man who devotes 
himself to the machinery branch of 
the profession differs but little, up to 
a certain point, from that just de- 
scribed : liis theoretical acquirements 
should he the same, but the practical 
part of his education will commence 
at the bench, where he will learn 
the use of all the tools and machi- 
nery by working at them with his 
own baud's: he will then be placed 
in the draw r ing-room, and go through 
much the same routine of instruc- 
tion as before described, and will, by 
degrees, work his w'ay up to the posi- 
tion of foreman ; then, distinguishing 
himself by a power of applying gene- 
ral principles to particular cases, he 
will show' himself capable of assuming 
the direction of an establishment for 
the manufacture of machinery. 

English School of Painting. This 
school, which is but of recent date, is 
connected with the Royal Academy 
in London, instituted in 1766; and 
although as a school it did not exist 
before that period, yet since the re- 
vival of the arts, and the consequent 
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encouragement given to them by the 
sovereigns of Europe, England has 
possessed portrait-painters of no in- 
considerable ability ; and it is prob- 
ably owing to the remarkable parti- 
ality of the nation for this branch of 
the art, that historical painting has 
been, until recently, comparatively 
neglected. Latterly, however, paint- 
ers of the highest eminence in this 
superior branch of the art have dis- 
tinguished themselves, and given 
earnest of the rise of a school that 
may, ere long, surpass others of the 
present age. 

English Varnish. When mastic 
varnish is mixed with drying- oil 
which holds litharge in solution, 
the mixture soon assumes the ap- 
pearance of a firm jelly, which is 
strong m proportion a*s a greater 
quantity of litharge, and a stronger 
varnish, have been used. This sub- 
stance holds its place on the palette. 
This mixture is particularly useful 
in glazing, for it fiows freely under 
the brush. Instead of using brown 
drying-oil, it is preferable to use that 
prepared without heat. 

Engraving, a process by the means 
of which pictures are reproduced. 
The lines of the design are incised on 
a plate of metal, and these being 
filled with ink, a sheet of paper is 
laid on the plate and the whole sub- 
mitted to the press, and an impres- , 
sion of the original picture is pro- 
duced on the paper. 

In wood Migrating the lines are 
left in the original sui face of the 
block, the lights being cut away. 

Enlevage, in calico-printing, disco- 
louring st\ le, or discharge style. 

Enrockment, stone-packing aiound 
a foundation in the water. 

Entablature, those members of a 
portico which were constructed upon 
the columns, consisting of the epi- 
stiliuni, zophorus, and corona. Vi- 
truvius uses the words oniamenta co- 
lumnannn to signify these members; 
and sometimes he includes the three 
several parts in the term cpistylia. 
The superstructure that lies ho- 
rizontally upon the columns in the 
several orders or stiles of architec- 
ture. It is divided into architrave, 
the part immediately above the 
column ; frieze, the central space ; 
and cornice, the upper projecting 
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mouldings. Each of the orders has 
its appropriate entablature, of which 
trnth the general height and the sub- 
divisions are regulated by a scale of 
proportion derived from the diameter 
of the column. 

The entablature, though architects 
frequently vary from the proportions 
here specified, may, as a general 
rule, be set up one-fourth the height 
of the column. The total height 
thereof thus obtained is in all the 
orders, except the Doric, divided 
into ten parts, three of which are 
given to the architrave, three to the 
frieze, and four to the comice. But 
in the Doric order the whole height 
should be divided into eight parts, 
and two given to the architrave, 
three to the frieze, and three to the 
cornice. The mouldings which form 
the detail of these leading features are 
best learned by reference to represen- 
tations of the orders at large. Palladio 
and Vignola, the restorers of genuine 
aichitceture, are the authors whose 
works may be consulted with great- 
est advantage by those who desire to 
make any advance in the science, 
and most particularly by those who 
wish to obtain further knowledge on 
the use and abuse of its details. 

Entail, a term used in the middle ages 
to signify elaborated sculptured or- 
naments and carvings. 

, Entasis, the swell of the shaft or co- 
lumn of either of the orders of archi- 
tecture. Some authorities make 

it consist in preserving the cylinder 
of a column perfect one quarter or 
one- third the height of the shaft 
from below', diminishing from thence 
in a right line to the top ; while 
others, following Vitruvius, make 
the column increase in bulk in a 
cun ed line from the base to three- 
sevenths of its height, and then di- 
minish in the same manner for the 
remaining four-sevenths, thus ma- 
king the greater diameter near the 
middle. 

Enterclose, a passage between two 
moms in a house, or that leading 
from the door to the hall. 

Entresol, in architecture , a floor be- 
tween two other floors. The en- 
tresol consists of a low apartment 
usually placed above the first floor : 
in London, frequently between the 
ground floor and the first floor. 



EP0TIDE8. 


sss 


Entretoise, or Entertyes, timbers 
bolted to piles. 

Eolipile. (See Lamp.') 

Ephebeum, an apartment in the pa- 
laestra appropriated to wrestling and 
other athletic exercises. 

Epi, or Girouette. This literally 
means anything pointed or resem- 
bling a spike of corn, but is gene- 
rally applied to the ornamental iron- 
work surmounting pointed roofs in 
Renaissance architecture. 

Epicycle, a little circle whose centre 
is in the circumference of a greater. 

Epicycloid, a curve generated by the 
revolution of the periphery of a circle 
along the outside of another circle. 
(See Cycloidal Curves.) 

Epicycloidal wheel, a wheel for 
converting circular into alternate 
motion, or alternate into circular. 
The sun and planet motion used 
instead of a crank in Watt's lirst 
rotary engine is an example. 

Episcenium, a division of the scene 
of a Greek theatre : it sometimes 
consisted of three divisions made by 
ranges of columns one above the 
other: the lower was termed scena, 
and the others episcenia. 

Epistomium, the cock or spout of a 
water-pipe, or of any vessel contain- 
ing liquids to be drawn off in small 
quantities when required. 

Epistylium, the lower of three divi- 
sions of an entablature or super- 
structure upon the columns of a j 
portico, formed by pieces extending j 
from centre to centre of two columns. 

The architrave or horizontal j 

course resting immediately upon 
columns. Epistylar arcuation is the 
system in which columns support 
arches instead of horizontal archi- 
traves and entablatures. 

Epitithidas, a term applied by some 
writers, by way of distinction, to the 
cymatium on the sloping or raking 
cornices of a pediment, winch super- 
imposed moulding (as its name im- 
plies) was frequently largely de- 
veloped, and enriched with an orna- 
mental pattern. 

Epitithides, the upper members of 
the corona surmounting the fastigium 
of a temple, which was also continued 
along the flanks. 

Epotides, in naval architecture, two 
thick blocks of wood, one on each 
ride the prow of a galley, for warding 


off the blows of the rostra of the 
enemy’s vessel. 

Equation, an equal division : in 
algebra , a mutual comparing of 
things of different denominations. 
Equation of time, the difference 
between the apparent and mean solar 
time, or the amount by which the 
clock is fast or slow of the sun. 

Equilateral, having all sides equal. 

Equilibrium, equipoise, equality of 
weight. 

Equilibrium valve, the valve in the 
steam passage of a Cornish steam- 
engine for opening the communica- 
tion between the top and bottom of 
the cylinder, to render the pressure 
equal on both sides of the piston. 

Equisetacea Equisetum, Horse- 
tails or the mare’s-tail, a crypto- 
garaous plant, the stems of which 
contain much silica. On this ac- 
count the Dutch rush is used in the 
arts, especially in finishing plaster 
figures. 

Equivalents, Chemical, the pro- 
portions in which elementary bodies 
combine with each other to form 
definite compounds. 

Era, or JEra, the account of time 
reckoned from some particular date 
or epoch. The year 5611 of the 
Jewish era commenced September 7, 
1850, of the Christian era ; the year 
T267 of the Mohammedan era, on 
Nov. 6, 1850, of Christian era, which 
of course commenced with the birth 
of Christ. 

Erasement (applied to buildings and 
cities), entire destruction and de- 
molition. 

Ergastulum, a sort of prison or house 
of correction contiguous to the farms 
and country villas of the Romans. 

Ergata, a capstan or windlass. 

Eriometer, an instrument for mea- 
suring the fineness of wool. 

Erisma, an arch -but tress, shore-post, 
or prop, to hold up buildings. 

Escape, the scape of a column in ar- 
chitecture. 

Escutcheon, a shield charged with 
armorial bearings. 

Esparto, Spanish grass, used to a 
considerable extent in the manufac- 
ture of paper. The Romans used it 
for cordage, and called the cords 
made of it sparnum. 

Essence d’Orient, the name given 
to a pe arly-looking fluid, obtained 
I7fl 
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from the scales of the bleak, and used 
in the manufacture of artificial pearls. 

Etching, a branch of engraving in 
which the lines are drawn by a stylus 
or etching-needle, on copper, steel, 
or stone, prepared by a chemical 
process. 

Etherial gilding. (See Gilding.) 

Eudiometer, an apparatus used in 
the analysis of gases. It consists of 
a system of communicating tubes 
combined with a mercurial trough in 
which a given volume of gas can be 
subjected to the action of absorbents 
detonated with oxygen or other- 
wise manipulated, and subsequently 
measured under the pressure of a 
definite column of mercury. The 
most improved apparatus of this 
kind in use is that of Regnault, as 
modified by Ward and Frankland. 

Euripus, an arm of the sea with land 
on both sides ; a canal, a pool, or 
stand of water; ditch, a trench or 
moat about a place ; a water-pipe of 
the smaller size, so made that the 
water therein may mount aloft ; also 
an inlet or small creek. 

Eurythmy, in architecture , the exact 
proportion between all parts of a 
building. 

Eustyle, the intercohimniation which, 
as its name would import, the an- 
cients considered the most elegant, 
viz. two diameters and a quarter of 
the column. Vitruvius says, this 
manner of arranging columns ex- 
ceeds all others in strength, conve- 
nience, and beauty. 

Evangelists, The. In the Table of 
Symbols of the eaily ages, tiny are 
represented by the lour Mystic 
Animals, Rev. iv. 7 : — The Angel 
being assigned to St. Matthew, the 
Lion to St. Mark, the Ox to St. 
Luke, and the Ragle to St. John; 
and the four rivers issuing from the 
Mount of Paradise to enter the 
earth, Gen. ii. 10. 

Evaporation, the transformation of a 
liquid into a gaseous state by the 
action of heat. 

Evolute, a particular species of curve. 

Evolution, in geometry. The equable 
evolution for the periphery of a cir- 
cle, or any other curve/ is such a 
gradual approach of the circum- 
ference to rectitude as that all the 
parts meet together, and equally 
evolve or unbend. 
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Ewry, an office of household sendee, 
where the ewers, etc., were formerly 
kept. 

Ex ainen, the tongue on the beam of 
a balance, rising perpendicularly 
from the beam, and moving in an 
eye affixed to the same, by which it 
serves to point out the equality or 
inequality of weight between the ob- 
jects in the scale. 

Excalefaction, heating or warming. 

Exedra, or Exhedra, the portico of 
the Grecian palaestra, in which dis- 
putations of the learned were held : 
so called from its containing a 
number of seats, generally open, like 
the pastas or vestibule of a Greek 
house. An assembly-room or liall of 
conversation: according to Vitruvius, 
a large and handsome apartment; 
also a by-place, or jutty. 

Exemplar, a pattern, plan, or model ; 
resemblance. 

Exergue, the lower part of a coin or 
medal when it is separated from the 
rest of the face by a line ; the date 
or some subsidiary matter is usually 
in this place. 

Exhaustion of the Corpus, in 
mining, the exhaustion of the ore in- 
a mine. A legal term. 

Exhaust-port, the exit passage for 
the ."team from a cylinder. 

Exhaust -valve, the valve in the 
ediu tion passage of the steam cy- 
linder of a Cornish engine, placed 
between the cylinder and air-pump, 
and worked by the tapet motion, so 
as to open shortly after the equili- 
brium valve, and admit the steam to 
the condenser. 

Existence, being, entity, subsistence, 
reality, actuality, positiveness, ab- 
soluteness, fact. Verb : to be, to 

exist, have being, subsist, live, 
breathe. 

Expansion-joint, a stuffing-box 
joint connecting the steam-pipes, so 
as to allow one of them to slide with- 
in the enlarged end of the other 
when the length increases by ex- 
pansion. 

Expansion- valve, an auxiliary valve 
placed between the slide-valve and 
the steam cylinder : it is worked by 
a cam or other contrivance, so as to 
cut off the steam at a given period, 
and cause the remainder of the stroke 
to be performed by expansion. 
Expansive steam may be thus 
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explained: — If we allow steam to 
flow into the cylinder of a steam- 
engine until the piston be depressed 
to one -half of the stroke, and then 
prevent the admission of any further 
quantity, the piston will, if the en- 
gine be properly weighted, continue 
its motion to the bottom. The pres- 
sure of the steam, so long as the sup- 
ply is continued from the boiler, will 
be equal, it is presumed, to ten 
pounds upon the inch. With this 
force it will act upon the piston until 
it completes one-half of the stroke : 
the further supply of steam will then 
be excluded, and that which is in the 
cylinder will expand as the piston 
descends, so that when the stroke is 
completed it will occupy the entire 
capacity. The pressure of the steam 
will then be half of its former 
amount, or five pounds upon the inch. 

During the descent of the piston, 
the pressure of the steam does not 
suddenly decrease from ten pounds 
to five ; but it gradually declines, 
through the successive intervals, 
until at the final point it yields that 
force. It is by this gradual expan- 
sion and diminution of pressure that 
the superior action is produced. 

Expression principally consists in 
representing the human body and all 
its parts in the action suitable to it ; 
in exhibiting in the face the several 
passions proper to the figures, and 
marking the motions they impress 
on the other external parts. 

Expression of colour . Every pas- 
sion and affection of the mind has its 
appropriate tint; and colouring, if 
properly adapted, lends its aid, with 
powerful effect, in theju-t discuniina- 
tion and forcible expression of them : 
it heightens joy, warms love, in- 
flames anger, deepens sadness, and 
adds coldness to the cheek of death 
itself. 

Extract of Gamboge is the colour- 
ing matter of gamboge separated 
from its greenish gum and impurities 
by solution in alcohol and precipita- 
tion, by which means it acquires a 
powdery texture, rendering it mis- 
cible in oil, etc., and capable of use 
in glazing. It is at the same time 
improved in colour, and retains its 
original property of working well in 
water and gum. 

Extrados, the exterior curve of an 


arch, measured on the top of the 
voussoirs, as opposed to the soffit or 
intrados. 

Eye, a name given to certain circular 
parts and apertures in architecture, 
but more especially to the central 
circle of the Ionic volute ; to the cir- 
cular or oval window in a pediment ; 
to a small skylight in a roof, or the 
aperture at the summit of a cupola. 
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Faber, a name given by the Romans 
to any artisan or mechanic who 
worked in hard materials. 

Fabrica, according to the Romans, 
the workshop of any mechanic. 

Fabrication, the art of building, con- 
struction. 

Fabrillia, according to Horace, me- 
chanics’ tools. 

Facade, the face or front of any con- 
siderable building to a street, “court, 
garden, or other place. 

Face-piece, in ship-building , a piece 
wrought on the fore-part of the knee 
of the head, to assist the conversion 
of the main-piece, and to shorten the 
upper bolts of the knee of the head. 

Face of workings, in mining y the 
portion of a coal seam which is in 
process of removal. 

Facet, the plane surfaces formed 
naturally by the angles of crystals, 
or tho^e produced by the lapidary to 
increase t lie lustre of his stone. 

Facetting, cutting faces upon orna- 
mental articles. 

Faddom, in mining, (purely local) six 
feet. (See Fathom .) 

Fagg (^ea term), the ends of those 
strands which do not go through the 
tops, wiien a cable or rope is closed. 

Fagot of Steel, 120 lbs. weight. 

Faience, a name given to earthen- 
ware, enamelled with painted designs 
and glazed. So called from "its 
being made at Faeuza: sometimes 
called Raphael- ware or majolica. 

Fairlie’s Engine. (See Railways.) 

Faithful (the), (on the table of sym- 
bols of the early ages), represented 
181 
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by sheep, John x. 14 ; by fish, Matt, 
xii. 47 ; by doves eating grapes or 
ears of corn ; by stags. Psalm xlii. 
2; by date-trees or cedar-trees, 
Isaiah i. 13 ; Jerem. xvii. 8 ; by 
little children. 

Fahrenheit, a native of Dantzic, was 
born in 1686 : he improved the ther- 
mometer by substituting mercury 
instead of spirits of wine, and intro- 
duced the scale called after his name, 
for the instrument. His zero (0) 
being the cold produced by a mixture 
of snow and salt; the freezing point 
of water being 32°, and that of 
boiling water 212°. 

Faldstool, or folding stool, a portable 
seat made to fold up in the manner 
of a camp-stool : it was made either 
of metal or wood, and sometimes 
covered with rich silk. The Litany 
stool commonly used in churches. 

False red is a second red, which is 
sometimes put under the first, to 
make it deeper. 

False stem, in a ship, when the stem 
being too flat, another is fastened to it. 

False-roof, the space between the 
ceiling and the roof above it, whe- 
ther the ceiling is of plaster or a 
stone vault, as at King’s College 
chapel, Cambridge, and St. Jacques 
church, Liege. 

Fan, a wheel with vanes, revolving in 
a case or box. For blowing smith 
fires, or small furnaces, or when of 
larger size for exhausting air or 
ventilating the workings of mines. 
Of late } ears great attention has 
been paid to the construction of fan- 
blowers, which are now made silent 
or noiseless, even when revolving at 
a velocity of several thousand revo- 
lutions per minute. 

We have now in action in the 
coal mines of this country XaMn\ th’s 
fan, Guibal’s fan, and some others, 

Fanal, a pharos or lighthouse, or the 
lantern placed in it. 

Fan-brakes, the resistance of a fluid 
to a fan rotating in it. 

Fane, a poetical term for a place con- 
secrated to religion. 

Fang, in mining, a niche cut in the 
side of an adit, or shaft, to serve as 
an air-cour>e : sometimes a main of 
wood- pipes is called a fanging. 

Fan-light, a window in shape of an 
open fan; the light placed over a 
doorway, 
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Fan-tracery vaulting: this was 
u<ed in late Perpendicular work, in 
which all the ribs that rise from the 
springing of the vault have the same 
curve, and diverge equally in every 
direction, producing an effect like the 
bones of a fan : very fine examples 
of it exfet in Henry the Vllth’s 
chapel, Westminster, St. George’s 
chapel, Windsor, and in King’s 
College chapel, Cambridge. 

Fanum, a Human temple or fane, 
usually consecrated to some deity. 

Farm, in Cornish mining , a term 
formerly used fur the lord’s fee 
which is taken for liberty to work 
tin-bounds. (See Tin-bounds ) 

Fascia, a flat architectural member 
in an entablature or elsewhere ; a 
band or broad fillet. The architrave 
in the more elegant orders of archi- 
tecture is divided into three bands, 
which are called fascitc ; the lower 
is called the first fascia, the middle 
one the second, anil the upper one 
the third fascia. 

The bands of which the e pi stv- 
lium of the Ionic and Corinthian 
orders are composed. The antepag- 
ments of Ionic doorways were gene- 
rally divided into three fasciae or 
corse. Fasciae « ere also bands which 
the Homans were accustomed to bind 
round the legs. 

Fascines, branches of trees, stakes, 
and gravel used to fill up open spaces 
in banks, etc. 

Fast and loose pulleys, two pulleys 
placed side by side on a shaft which 
is driven from another shaft by a 
band, one keyed fast and the other 
running loosely : when it is required 
to stop the shaft, the band is trans- 
ferred to the loose pulley. 

Fastigium, the pediment of a por- 
tico ; so called be au«e it followed 
the form of the roof, which was 
made like a triangle, the sides being 
equally inclined, to carry off the 
water. In architecture , the summit, 
apex, or ridge of a house or pediment. 

Fat, sec Vat, a large tub, cistern, or 
vessel used for various purposes by 
brewers, tanners, etc. Also a mea- 
sure of capacity, differing in different 
commodities. 

Fathom, a measure of length equal 
to six feet or two yards. Commonly 
used lor nautical and mining affairs, 

Fats. Fat forms about 1'20 of the 
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weight of a healthy animal. They 
are all, according to Chevreul, mix- 
tures of Oleine (lard oil), Margarine , 
and Glycerine and Stearine. Bracon- 
not gives the following composi- 
tion : — 


Hog’s lard 

Oleine. 

G2 

Stearine. 

38 

Ox marrow 

24 

7 G 

Goose fat 

G8 

32 

Duck fat 

72 

38 

Ox tallow 

25 

73 

Mutton suet 

26 

74 

Butter 

GO 

40 


Faubourg, the suburbs, or such por- 
tion of a French town as were sub- 
urbs at an earlier date. 

Fault, a ‘throw’ or ‘slip.’ Disloca- 
tion of the strata produced by some 
convulsion of nature. 

Fausse-braye, a small mound of 
earth thrown up round a rampart. 

Fausted, in mining , refuse lead ore 
reserved for another dressing. 

Faux, according to Vitruvius, a nar- 
row passage which formed a com- 
munication between the two princi- 
pal divisions of a Koman house, the 
atrium and peristylium. 

Favas, an hexagonal-shaped tile of 
marble ; used in making the style of 
pavement called sectilia. 

Fay, in ship-building , tojoin two pieces 
of timber close together. 

Feather Alum, sometimes called 
hair-salt. A hydrous sulphate of 
alumina, usually produced by the 
decomposition of iron pyrites in an 
aluminous shale. 

Feathering or Foliation,an arrange- 
ment of small arcs or foils separated 
by projecting points or cusps, used 
as ornaments in the mouldings of 
arches, etc., in Gothic architecture. 

Fecula, a name given to starch of all 
kinds, and also to chlorophyl, the 
green colouring matter of plants. 

Feed-head, a cistern containing wa- 
ter and communicating with the 
boiler of a steam-engine by a pipe, 
to supply the boiler by the gravity 
of the water, the height being made 
sufficient to overcome the pressure 
within the boiler. This is only appli- 
cable to very low-pressure boileis. 

Feed-pipe, the pipe leading from the 
feed-pump, or from an elevated cis- 
tern, to the bottom of the boiler. 


Feed-pipe cocks, those used to re- 
gulate the supply of water to the 
boiler of a locomotive engine, and 
the handle of which is placed con- 
veniently to open and shut at plea- 
sure. 

Feed-pipe strainer, or strum, a 

perforated half-spherical piece of 
sheet-iron, after the manner of the 
rose end of a watering-pot ; it is 
placed over the open end of the feed- 
pipe in the locomotive tender tank, 
to protect it. 

Feed-pump, a forcing-pump, worked 
by the steam-engine, for supplying 
the boiler with water. 

Feed-pump plunger, the solid pis- 
ton, or enlarged end of the pump-rod, 
fitting the stufting-box of the pump 
of a steam-engine. 

Feldspar or Felspar. An important 
group of minerals, composed of silica, 
alumina, and the alkaline bases, 
lime, soda, and potash. According 
to the prevalence of the latter sub- 
stances, they are divided into the 
following species : — 

Orthoclase . silicate of alumina 
and potash. 

Oligoclase . „ lime and soda. 

Labradorite . „ soda and lime. 

Anorthite . „ lime. 

Albite . . „ soda. 

The first of these is remarkable as 
furnishing the bulk of the potash in 
soils, and producing, as some suppose, 
by its decomposition, the mineral 
kaolin or china clay. 

Felspathic or Feldspathose, per- 
taining to feldspar, or consisting 
of it. 

Fell, a barren or stony hill ; a field. 

Felling timber, the act of cutting 
down a full-grown tree, which doubt- 
lessly should be done late in the 
autumn, when less moisture exists 
in all trees, and which renders the 
timber less liable to dry-rot. 

Fell-monger, one who separates the 
wool from the skin. 

Felly or Felloe, the rim of a wheel 
supported by the spokes. 

Felsite, a species of compact feldspar, 
of an azure blue or green colour, 
found amorphous, associated with 
quartz or mica. 

Felt, a cloth or stuff made of wool, or 
wool and fur, fulled or wrought into 
a compact substance by rolling or 
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pressure with lees or size or with 
asphalt. With the latter it is used 
for roofing ; with the former for 
carpets, hats, etc. 

Felting is the process of matting to- 
gether the short hairs of various ani- 
mals. 

Felucca, in navigation, a little vessel 
used in the Mediterranean, capable 
of going either stem or stern fore- 
most ; also a small open boat, rowed 
with six oars. 

Female-screw, the spiral threaded 
cavity into which another screw 
works. 

Femerell, a lantern,louvre, or cover- 
ing placed on the luof of a kitchen, 
hall, etc., for the purpose of ventila- 
tion or the escape of smoke. 

Femur, in architecture , the long, flat I 
projecting face between each channel \ 
of a triglyph ; the thigh, or a cover- j 
ing for the thigh. 

Fence, a wall, ditch, hedge, bank, 
line of rails or posts, of boards or 
pickets; a guard, anything to re- 
strain entrance ; a defence. 

Fender-piles, those driven to protect 
work either on land or water. 

Fenders, to vessels or ships are 
pieces of old ropes, or wooden billets, 
hung over the side to prevent injury 
from collision. 

Fender-bolts are iron pins for the 
protection of the sides of ships. 

Fenestella, the niche at the side of 
an altar containing the piscina ; also 
a little window. 

Fenestra, a window, an entrance. 

Fenestrai : window-blinds or case- 
ments closed with paper or cloth. 

Fenestration, termed by the Ger- 
mans Fenster-architektur, is in 
contradistinction to eoluinniation, 
the system of construction and mode 
of design marked by windows. Fe- 
nestration and columniation are so 
far antagonistic and irreconcilable, 
that fenestration either interferes 
with the effect aimed at by colum- 
niation with insulated columns, as in 
a portico or colonnade, or reduces it, 
as in the case with an engaged order, 
to something quite secondary and 
merely decorative. Astylar and fe- 
nestrated ought, therefore, to be 
merely convertible terms ; but as 
they arc not, that of columnar fenes- 
trated has been invented, to denote 
that mode of composition which 
lbd 


unites fenestration with the semb- 
lance, at least, of the other. 

Fengite, a transparent alabaster. 

Fenks, the refuse of whale blubber ; it 
has been used in the manufacture of 
Prussian Blue. 

Feretory, a bier, or coffin ; a tomb, 
or shrine. 

Ferrocyauides, an important class 
of salts much used in the arts. 
Ferrocyanogen consists of carbon, 
nitrogen, and iron. This compound 
radical combines with the earths, 
alkalies, and metals to form ferrocy- 
anides. 

Ferrule, a metal ring fixed on the 
handle of a tool to prevent the wood 
from splitting. 

Fesse, in heraldry, a girdle, the third 
part of an escutcheon. 

Festoon, an ornament of carved work, 
representing a wreath or garland of 
flowers, or leaves, or both interwoven 
with each other : it is thickest in the 
middle, and small at each extremity, 
a part often hanging down below the 
knot. In architecture , an orna- 

ment of carved work, in the form of a 
wreath or garland of flowers, or leaves 
twisted together. 

Fettling. Lining a furnace with oxide 
of iron or any r other substance. 
Throwing upon - he metal in the 
puddling furnace cinders, iron oxide, 
salt, manganese, or any other sub- 
stance, which may be supposed to 
facilitate the process, lllmenite can 
al->o be used as a fettling for puddling 
furnaces, which is far more durable 
than bull dog, haematite and iron ore, 
or magnetic iron ore, and one fettling 
of ilhnenite will outlast three fettlings 
of the ordinary kinds which are 
commonly made use of. 

To fettle a horse, is to groom and 
feed it. A man says he will fettle 
himself, that is cleanse his person by 
washing. Fettling appears to be 
often used without any defined mean- 
ing : ‘fettle him with a brick/ 4 fettle 
his head for him/ are examples of this. 

Fettled, in metallurgy, a word in com- 
mon use amongst English workmen, 
signifying mixing, stirring to- 
gether, lining, covering over. 

Fibres, grasses, fibrous barks and the 
like, used in manufactures. (See 
Cm//*.) 

Fictile, an earthen vessel or other 
article, moulded and baked. 
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Fictor, among the Homans, an artist, 
a deviser, or potter. 

Fidd is a piece of iron or wood to open 
the strands of ropes. 

Fiddle-strings, catgut cords 
stretched across a violin. 

Fiddle wood, a West India timber 
tree much used for mills, carriage 
wheels, etc. 

Fid-hammer, a tool ; — a fidd at one 
end and a hammer at the other. 

Field’s Extract of Vermilion. 
When vermilion is ground and al- 
lowed to stand in water for a few 
minutes it separates into two parts, 
one portion forming a kind of cream 
of a fine orange colour. Mr. Field 
introduced it as a pigment, and hence 
its name. 

Fife-rails of a ship are banisters on 
each side of the top of the poop. 

Figulus, an artist who makes figures 
and ornaments. 

File, a well-known instrument having 
teeth on the surface for cutting 

metal, ivory, wood, etc. A strip 

or bar of steel, the surface of which 
is cut into fine points or tectb, which 
act by a species of cutting closely 
allied to abrasion. When the file is 
rubbed over the material to be 
operated upon, it cuts or abrades 
little shavings o r shreds, which, from 
their minutenes-, are called file-dust, 
and in so doing the file produces 
minute and irregular furrows of 
nearly equal depth, leaving the sur- 
face that has been filed more or less 
smooth, according to the size of the 
teeth of the file, and more or less 
accurately shaped, according to the 
degree of skill used in the manipula- 
tion of the instrument. 

Filligree, intertwisted fine viie of 
cither gold or silver, granular net- 
work of wire. 

Fillet, a small flat face or hand, used 
principally between mouldings to 
separate them from each other in 
classical architecture: in the Gothic, 
Early English, or Decorated styles 
of architecture, it is also used upon 
larger mouldings and shafts. 

Fine Metal, white cast iron. 

Finery, in metallurgy , a refinery. 
(Sec Hearth Cinder , and Slag.) 

Finer’s Metal, white cast iron. 

Finial, sometimes called a pinnacle, 
but more truly confined to the bunch 
of foliage which terminates pinnacles, 


canopies, pediments, etc., for Gothic 
architecture. 

Fining, or Frischen, in metallurgy , 
refining. This word is used by 
Percy to express the operation of 
converting cast-iron into malleable 
iron, conducted in the charcoal finery 
or hearth. 

Finite force, a force that acts for a 
finite time, such as the force of 
gravity. 

Finlayson’s Tables of the value of 
life assurance and annuities. Mr. 
Finlay son, in his calculations, is in- 
clined to take a favourable view of 
the duration of human life, and his 
Tables coincide very nearly with 
the Carlisle, except that he makes 
a distinction between males and 
females, — the latter being considered 
rather longer lived than the former. 

Fir, red or yellow. Specific gravity, 
0*557 ; weight of a cubic foot, 34*8 
lbs. ; weight of a bar 1 foot long and 
1 inch square. 0 242 lb. ; will bear 
on a square inch without permanent 
alteration, 4,290 lbs. = 2 tons nearly, 
and an extension in length of ; 
weight of modulus of elasticity, for 
a base of an inch square, 2,010,000 
lb*. ; height of modulus of elasticity, 
8,330,000 feet ; modulus of resili- 
ence, 9T3 ; its specific resilience, 
1G'4. (Tredgold.) 

Compared with cast-iron as unity, 
its strength is 0'3 ; its extensibility, 
2-0, and its stiffness, 0T154, = 

Fir, white. Specific gravity, 0*47 ; 
weight of a cubic foot, 29*3 lbs. ; 
weight of a bar 1 foot long and 1 
inch square, 0*204 lb.; will bear on 
a square inch without permanent 
alter.it ion, 3,G30 lbs. ; and an exten* 
sion in length of ; weight of 
modulus of elasticity for a base of an 
inch square, 1,830,000 lbs. ; height of 
modulus of elasticity, 8,970,000 feet; 
modulus of resilience, 7*2; specific 
resilience 15*3. (Tredgold.) 

Compared with cast-iron as unity, 
its strength is 0*23 ; its extensibility, 
2'4 ; and its stiffness. 0*1. 

Fir and Pines. (See Pines.') 

Fir-poles, small trunks of fir-trees, 
from 10 to 1G feet in length; used in 
rustic buildings and out-houses. 

Fire-bar frame, in a locomotive en- 
gine, a frame made to fit the fire-box 
on which the fire-bars rest. 

Fire-bars, in a locomotive engine , 
185 
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wedge-shaped iron bars fitted to 
the fire-box with the thick side 
uppermost, to support the fire : the 
ends rest on a frame; they are in- 
clined inwards, with an air-space 
between each, to promote combus- 
tion, and are jointed at one end, 
and supported by a rod at the 
other, so that the rod being with- 
drawn, the bars fall, and the fire-box 
is emptied. 

Fire-box, in a locomotive engine , the 
box (usually made of copper) in 
which the fire is placed. The out- 
side is of iron, separated from the 
copper fire-box by a space of about 
3 inches all round for water. 

Fire-box door, the door opening 
into the fire-box by which coke is 
supplied to the fire. 

Fire-box partition : in large fire- 
boxes a division is made in the box, 
into which water is admitted : this 
division is about the height of the 
fire-box door, and divides the fire 
into two parts in a locomotive en- 
gine, thereby increasing the heating 
surface of the fire box. 

Fire-box stays, in a locomotive engine, 
deep strong iron stays bolted to the 
top of the copper liic-box, to enable 
it to resist the picture of the steam : 
round copper or iion stays aie aLo 
used to connect the outride shell to 
the inside box, in the pioportion of 
about one stay to every 4 square 
inches of flat surface. 

Fire-bricks are u-ed for lining fur- 
naces, and for all kinds of brick- 
work exposed to such an intense 
heat which would melt common 
bricks. They are made from a 
natural compound of silica and alu- 
mina, which, when free from lnne 
and other fluxes, is infusible under 
the greatest heat to which it can be 
subjected. Oxide of iron, however, 
which is present in mo<*t t lays, 
renders the clay fusible when the 
silica and alumina are nearly in 
equal proportions, and those fire- 
clay s are the best in which the 
silica is greatly in excess over the 
alumina. In making bricks and re- 
fractory goods, it is usual to use 
about 5 of fire-clay and ^ of burnt 
clay or bricks, to stiffen the mass 
and prevent undue combustion. This 
addition goes in Staffordshire by the 
expressive name of grog. 
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Fire-clay is found throughout the 
coal formation, but that of Stour- 
bridge is considered the best. The 
fire-clays of Newcastle and Glasgow 
are also much esteemed. Fire-bricks 
are brought to London from Stour- 
bridge and from Wales ; the latter, 
however, will not stand such intense 
heat as the Stourbridge bricks. 

Fire-bricks are also made at the 
village of Hedgerly, near Windsor, 
of the sandy loam known by the 
name of Windsor loam, and these 
are much used in London for fire- 
work. This loam is used also by 
chemists for luting their furnaces, 
and for similar purposes. 

A valuable fire-brick is now made 
at Lea Moor or Dartmoor from the 
refuse of the china clay -works. This 
consists of finely divided silica and 
mica ; it is mixed with a proper pro- 
portion of the inferior clay, and made 
into bricks. These are extensively 
Used in gas works. 

Fire Brick, Dinas. In the Vale 
of Neath, in Glamorganshire, is a 
layer of clay superposed on a bed of 
limestone, and consisting almost en- 
tirely of silica or sand, the colour of 
which when dry is a pale grey. The 
rock is crushed between iron rollers : 
it softens by exposure to the atmo- 
sphere, but some 5f it is too hard for 
making into bricks. The powder 
thus obtained is mixed with a small 
portion of lime when that substance 
ii not previously contained in it, and 
sufficient water to make it cohere 
slightly by pressure. This mixture 
is completed in iron moulds, two of 
which arc placed side by side under 
one press. Each mould is open top 
and bottom, is closed below by a 
movable iron plate, and above by 
another iron plate, which fits like a 
pirfon, and!" connected with a lever. 
The workmen put on good stout 
gloves to pi otect their hands from 
the rough edges of the fragments, 
adjust the machine, and fill the 
mould-* with the coarse powder. The 
piston is then pressed down, the 
bottom plate of iron i* taken out 
from below, the brick still remaining 
on it, and is so conveyed to the dry- 
ing sheds. At this stage the brick 
is too soft to allow of being directly 
handled, and therefore it is removed 
on the iron plate. When dry the 
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bricks are piled up in dome-shaped 
kilns, where they remain about a 
fortnight, a week being allowed for 
firing the bricks, and a week for the 
kiln to cool. 

These bricks are largely used in 
furnaces where violent heat is re- 
quired as in Siemen’s steel furnaces. 
The heat is, however, so great that 


even the small amount of lime used 
is sufficient to produce fusion. It 
has therefore been recently proposed 
to use the stones in blocks cut from 
the bed, without the intervention of 
any foreign matter. 

The following Table shows the 
constituents of three infusible 
clays : — 


Authority . . 

Dr. Ure. 

Vauquelin. 

Wrightson. 


Kaolin, or 

Plastic clay of 

Sa freer clav, from 

Description. 

porcelain 

Forge-les-eaux. 

the Staffordshire 


clay. 


potteries. 

Silica .... 

47 

03 

54-38 

Alumina . . . 

40 

16 

26-55 

Iron .... 



8 

8-38 

Lime .... 



1 



Carbonic acid . 



— 

3-14 

Water . . . 

13 

10 

7-28 


100 

98 

99-73 


Average ( 

Used for making 

Used for making 

Remarks . . 

composi- ■{ 

glass-house puts 

saegers and fire- 


tion. L 

and pottery. 

blicks. 


Fire-damp, in coal mines, is light 
carburetter! hydrogen, mixed with 
atmospheric air. 

Fire-damp indicator, an instrument 
invented by Mr. Ansell, founded on 
the laws of the diffusion of gases. 
It is essentially an Aneroid Baro- 
meter with a porous tile for its back : 
by the diffusion of carburetted 
hydrogen, if any be present, the pres- 
sure is increased, and the index 
marks the difference between the 
atmospheric and the gaseous pres- 
sures. 

Fireing, Fire-setting : in mining, 
softening or splitting rocks by light- 
ing a fire against them. 

Fire-place, a space within a chimney- 
piece for the burning of fuel to warm 
the temperature of the air, and in 
communication with a shaft or 
chimney-flue. 

Fire stink, in mining, a South Staf- 
fordshire term applied, for the most 
part, to the smell of the carburetted 
hydrogen, escaping in a colliery. 

Fire-tubes, or tube-flues, are those 
through which the fire passes, for 
obtaining a large heating surface, 


fixed longitudinally in the middle 
compartment of a locomotive engine, 
between the fire-box and smoke-box. 

Fish, a nautical term, to hoist and 
draw up the flukes of a ship’s 
anchor towards the top of the bow, 
in order to stow it after it has been 
catted. 

Fishing a beam, placing a piece of 
timber of the same scantling to one 
side of the timber to be united, and 
bolting or hooping them together. 

Fish-joint. The common method 
adopted in joining rails by means of 
straps or fish-plates overlapping the 
ends of the rails to be joined, which 
are screwed by screw-bolts passing 
through holes in the fish-plates and 
rails. 

Fish-skin is the dried skin of the 
dog fish. It was formerly used for 
polishing, but is now superseded by 
glass paper. 

Fissure, or Gulley, is the crack or 
split in the strata of the earth which 
is the receptacle of mineral particles, 
whose contents are styled a ‘ lode.’ 

Fistuca, among the Romans, an in- 
strument used for ramming down 
. ?**? 
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pavements and threshing-floors, and 
the foundations of buildings. 

Fistula, a water-pipe, according to 
Vitruvius, who distinguishes three 
inodes of conveying water : by leaden 
pipes, by earthen pipes, and by 
channels of masonry. 

Fixtures, all clinched and riveted 
parts of a building. 

Flag, a national colour, a standard. 
A stone for pavement. 

Flake-white is an English white 
lead, in the form of scales or plate 5 *, 
sometimes grey on the suiface. It 
takes its name from its figure, is 
equal or sometimes superior to cream 
white, and is an oxidised carbonate 
of lead, not essentially differing from 
the best of the above. When levi- 
gated, it is called ‘ body-white.’ 

Flamboyant Style of Architec- 
ture, the decorated and very orna- 
mental style of architecture of French 
invention and use, and contemporary 
in France with the Perpendicular style 
in England. One of the rno^t striking 
and universal features is the waving 
arrangements of the tracery of the 
windows, pmels, etc. The foliage 
used for enrichments is well carved, 
and has a playful and frequently' 
good effect. 

Flanders brick. (See Bath Stone.') 

Flanders varnish : dissolve grain 
mastic in alcohol : this operation is 
requisite to detach the impurities in 
the resin. The proportion of spiiit 
ought to be sufficient to cover the 
mastic, and \ part more. 

Planning, the internal splay of a win- 
dow-jamb. 

Flaring, in ship-huildhig, over-hang- 
ing, as in the top side forward. 

Flasks, boxes in which moulds for 
castings are made. 

Flat, in mining , a layer of ore in a 
nearly horizontal bed. 

Flattener, the workman who flattens 
and smooths the iron. 

Flattening-furnace, in glass-ma- 
fting , spreading oven. 

Flatting, in house-painting , a mode of 
painting in oil in which the surface 
is left, when finished, without gloss. 
The material is prepared with a mix- 
ture of oil of turpentine, w hie h secui es 
the colours, and, when used in the 
finishing, leaves the paint quite dead 

Flatting mill, a mill for rolling out 
metal into plates. 


Flat rods, in mining , a series of rods 
communicating motion from the 
engine to pumps at a distant shaft. 

Flax. The Linum usitatissimum t cul- 
tivated for its fibre and seed. 

Flemish bricks are used for pav- 
ing : seventy'- two will pave a square 
yard : they are of a yellowish co- 
lour, and harder than the ordinary 
bricks. 

Flemish School of Painting. This 
school is highly’’ recommended to the 
lovers of the ait by' the discovery, or 
at least the first practice, of painting 
in oil. It has been generally attri- 
buted to John Van Eyek, who was, 
it is said, accustomed to varnish his 
distemper pictures with a compo- 
sition of oils, which was pleasing on 
account of the lustre it gave them. 
In course of practice he came to mix 
bis colours with oil, instead of water, 
which rendered them brilliant with- 
out the trouble of varnishing. From 
this and subsequent experiments 
arose the art of painting in oil. The 
attention of the Italian painters was 
soon excited. John of .Bruges was 
the founder of painting as a profes- 
sion in Flanders. 

Fleur-de-Lis, the lily flower: it was 
commonly used in Gothic surface 
ornament and in heraldry. Three 
fleur-de-lis on a white field form the 
ting of France under the old monar- 
chy'. 

Flexible brakes, brakes which em- 
brace the periphery of a drum. 

Flight, the stair from one landing- 
place to another. 

Flint is composed of nearly pure silica, 
and occurs in the chalk formations 
of England and the North of Ireland. 
It is used in some places as a build- 
ing material, and in the manufacture 
of porcelain and earthenware. 

Flint glass, a brilliant and dense 
glass made from pota.di silica and 
oxide of lead. The sp. gr. is about 3*5. 
The variety' used for ornamental table 
gla^s known as Crystal contains from 
3W to 33 per cent, of oxide of lead, 
optical fluid gla^s 43 per cent., and 
strut, s or paste u*ed for making arti- 
ficial gems 53 per cent. 

Float, a flat piece of stone or other 
material attached to a valve in the 
feed-pipe of the boiler of a steam- 
engine, and supported upon the sur - 
face of the v. ater by a counter- weight; 
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used either for showing the height of 
the water, or regulating the supply 
from the cistern. 

Float of Earth, a body of earth 18 
feet square and one foot deep. 

Flock, or Flocks, finely powdered 
wool, used, when dyed, for paper- 
hangings. The refuse of cotton and 
wool used for stuffing mattres-c*. 

Flock-paper has raised figures made 
of flock or wool. 

Flookan, in Cornish , an earth or clay 
of a slimy, glutinous consistence ; in 
colour for the most part blue or white, 
or compounded of both. 

Flookan lode, a clayey lode. 

Flooking, among miners, the inter- 
ception of ore by the crossing of a 
vein of earth or stone. 

Floor, in mining, the bottom of a coal 
seam ; the underlay upon which the 
coal, lead, or iron ore rests. 

Floor-hollow, in ship-building, an 
elliptical mould for the hollow of the 
floor-timbers and lower futtocks. 

Floors, in early English domestic 
arrangements, were generally co- 
vered with rushes, carpets being sel- 
dom used for such purposes, although 
instances occur of tapestry cloths for 
the feet to rest upon as early as 
Edward I. It does not, indeed, 
appear to have been the custom at 
any time to leave floors bare, whether 
boarded or paved. The weight of a 
superficial foot of a floor is about -10 
lbs. when there is a ceiling, counter- 
floor, and iron girders. When a 
floor is covered with people, the load 
upon a superficial foot may be calcu- 
lated at 120 lbs.: therefore, 120 + 
40 = 160 lbs. on a superficial foot is 
the least stress that ought to be 
taken in estimating the strength for 
the parts of a floor of a room. 

FLOORS; smrLE AND FRAMED, ETC. 

For permanent and uniform 
strength, there is no floor so good 
as one composed of simple joists, 
stiffened by cross-bonding : but, in 
very large rooms, there is more 
economy in the compound floor of 
binders and joists, or of joists, 
binders, and girders. There may be 
particular reasons for girders, etc. ; 
as, when the weight of the floor has 
to be thrown upon piers, and not 
on a continuous wall of uniform 


strength: but the usual motive to 
the use of the compound floor, in 
rooms which exceed 18 or 20 feet in 
width, is a legitimate economy of 
materials. It is only necessary to 
caution the young practitioner on 
the necessity of considering, that 
girders have to perform the "duty of 
cross-walls ; that they should be 
trussed to prevent their 4 sagging* 
even with their own weight ; that 
their scantling should allow for the 
weakening effect of the cuttings 
made into their substance to receive 
the timbers they support ; that their 
trusses should be wholly of iron (and 
not partially of oak) ; and, especi- 
ally, that the end of each girder, 
instead of being notched on perish- 
able templates of wood, and closely 
surrounded with mortar and ma- 
sonry, should be housed in a cavity 
with an iron holding-plate ; or in- 



serted into a cast-iron boxing, notch- 
ed into a thorougli-stone, leaving a 
space (however small) for the air to 
circulate about it, and prevent rot. 
The failure of a girder sometimes 
involves the failure of all the rest of 
the floor: and though all timbers 
inserted in masonry should have a 
more careful regard to their preser- 
vation from decay than it is usual to 
bestow, it will be readily admitted, 
that too much care cannot be given 
to tho*e leading bearing timbers, 
without the permanent duration of 
•which the durability of the large 
remainder is of no avail. 

Floor-timbers, in ship-building , are 
those placed immediately across the 
keel, and upon which the bottom of 
a ship is framed. 

Floran, in mining, an exceedingly 
small-grained tin, scarcely perceiv- 
able in the stone, though perhaps 
very rich. 

Florentine lake colour was for- 
merly extracted from the shreds of 
189 


no 


FLUORINE. 


rax 


scarlet cloth, but is now made as 
other lakes are. (See Lake.) The 
same may be said also of Chinese lake. 

Florentine School of Painting. 
This school is remarkable for great- 
ness ; for attitudes seemingly in 
motion ; for a certain dark severity ; 
for an expression of strength by 
which grace is perhaps excluded ; 
and for a character of design ap- 
proaching to the gigantic. 

Florid Gothic, or Florid English or 
Tudor, the latent development of the 
Gothic style in England. The period 
is from 1400-1537. (S qq Architecture.) 

Flotilla, a Spanish term for a number 
of ships, or fleet. 

Flotsam, that portion of a ship and 
cargo which remains floating on the 
water after a wreck. 

Flower-garden (the) ‘ should be an 
object detached and distinct from the 
general scenery of the place ; and j 
whether large or small, whether j 
varied or formal, it ought to be well 
protected from hares and smaller 
animals by an inner fence : within 
this inclosure rare plants of every 
description should be encouraged, 
and a provision made of soil and 
aspect for every different clas 5 . Beds 
of bog-earth should be prepared for 
the American plants: the aquatic 
plants, some of which are peculiarly 
beautiful, should grow on the surface 
or near the edges of water. The nu- 
merous class of rock-plants should 
have beds of rugged stone provided 
for their reception, without the affec- 
tation of such stones being the natu- 
ral production of the soil ; but, above 
all, there should be poles or hoops 
for those kinds of creeping plants 
which spontaneously form themselves 
into graceful festoons when encou- 
raged and supported by art.’ 

Fluecan, in mining. (See Flookan.) 

Flue cinder, the cinder from an iron 
reheating furnace. 

Fluke, in mining , the bead of a 
charger; an instrument used for 
cleansing the hole previous to blast- 
ing. 

Fluor or Fluores, a soft, transparent 
kind of mineral concretion. 

Fluor spar is a fluatc of lime. 

Fluorine, the properties of this ele- 
ment are but little known. Com- 
bined with calcium it exists in the 
Derbyshire fluor spars. 
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Flush., a term common to workmen, 
and applied to surfaces which are on 
the same plane. 

Flutings or Flutes, tlie hollows or 
channels cut perpendicularly in the 
shafts of columns, etc., in classical 
architecture : they are used in the 
Doric, Ionic, Corinthian, and Compo- 
site orders. 

Flux, in metallurgy , saline matters 
•which facilitate the fusion of ores and 
other substances which are not easily 
fusible in assays ; used also in the 

reduction of ores. The material 

employed in facilitating the separa- 
tion of a metal from its ores in the 
processes of smelting, or in assaying. 
This is usually effected by rendering 
the matrix or gangue fluid as a 
glass or slag by the use of an alkali. 

‘In auriferous quaitz gold exists 
in a metallic state, and is diffused 
through the mass in particles. 
When such quartz, either in lumps, 
or in the state of the finest powder, 
is heated to a degree far above the 
melting point of gold, perfect separa- 
tion of the metal cannot occur, be- 
cause the melted particles are sur- 
rounded by solid quartz, and cannot 
therefore subside and unite. ... By 
the addition of carbonate of soda a fu- 
sible silicate of soda would be formed, 
and melted gold, having a much 
higher specific gravity than silicate of 
soda, would immediately sink and 
unite into one mass at the bottom. 
The carbonate of soda would be desig- 
nated a flux. . . . Other matters, 
such as oxide of iron, lime, and clay, 
etc., would act in a similar manner 
to carbonate of soda, that D, they 
would form fusible compounds or slags 
with tire quartz so as to allow the 
metal to settle down / — Metallurgy 
John Percy, M.D., F.R.S. 

Fly, in mechanics , that part of a ma- 
chine which, being put in motion, 
regulates the rest. 

Fly-wheel, a wheel with a heavy 
rim, fixed upon the crank-shaft of a 
land engine, for the purpose of equal- 
ising the motion by absorbing the 
surplus force at one part of the 
action, to distribute it again when 
the action is deficient. 

Flyers, stairs that go straight and do 
not wind, the fore and back part of 
each stair and the ends respectively 
being parallel to each other. 
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Focus, the burning-point or centre of 
convergence of the rays in a lens or 
mirror, the point at which the most 
distinct image is found. The distance 
of this point from the objective lens 
or mirror in a telescope is called its 

focal length or distance. Among 

the Romans, an altar, a fireplace or 
hearth : hence the Latin motto, ‘ Pro 
aris et focis,’ * for our altars and fire- 
sides/ 

Fodina, anciently a mine or quarry. 

Fodder, in lead-mining , is nine pieces 
or pigs of lead, commonly weighing 
rather more than a ton. 

Foge, Cornish , a forge or blowing- 
house for smelting tin: no longer 
used. 

Foils, ^foliation ; the space between 
the cusps of the featherings of Gothic 
architecture. 

Fons, a font or a natural spring of 
water, frequently converted into or- 
namented fountains by the Greeks 
and the Romans. The latter also 
erected edifices of various degrees 
of splendour over natural springs, 
such as the grotto of Egeria, near 
Rome, where the natural cave is 
converted by the architect into a 
temple. 

Font, the vessel which contains the 
water for the purposes of baptism. 
The font is the only relic of our an- 
cient architecture which in its form 
is at all analogous to the Grecian and 
Roman vases. The shape which has 
at different periods been given to it 
is a subject of some interest. Nor- 
man fonts are generally square or 
circular ; the first frequently placevl 
on five legs ; but which may be the 
older form, the square or circle, is 
not yet known The circular form 
continued to be much used during the 
Early English period ; so, occasion- 
ally, was the square. Throughout 
the continuance of the Decorated 
style, the octagon was generally 
used sometimes the hexagon. Du- 
ring. the Perpendicular style, the 
octagon was almost always used. 
Until the Reformation, and occa- 
sionally after, dipping was practiced 
in this country. Pouring or sprink- 
ling was not unusual previous to the 
Reformation ; for as early as the 
j year 754, pouring, in cases of neces- 
sity, was declared bv Pope Stephen 
IIL to be lawful ; and in the year 


1311, the Council of Ravenna de- 
clared dipping or sprinkling indiffe- 
rent : yet dipping appears to have 
been in this country the more usual 
mode. The Earl of Warwick, who 
was bom in 1531, was baptised by 
dipping : so Prince Arthur (eldest 
son of Henry VII.), King Edward 
VI., and Queen Elizabeth, were all 
baptised in a similar manner. 




Font of the time of Edward II. 


Fontes noires, in metallurgy , a name 
given by French iron-masters to a 
dark grey pig-iron. 

Foot, the common unit of linear 
measure approximating to the length 
of the human foot and divided into 
twelve inches. — An ancient measure 
of tin, containing tw r o gallons ; now 
a nominal measure, but in weight 
GO lbs. 

Foot-pace, the dais or raised floor at 
the upper end of an ancient hall. 

Foot-plate, the platform on which 
the engine-man and fire-man of a 
locomotive engine attend to their 
duties. 

Foot-pounds. The work done in lift- 
ing a weight of one pound one foot 
high is on efoot-pound, the work done 
in lifting a weight of 20 lbs. through 
a height of 10U feet is 20 x 100 = 
2,000 foot-pounds. 

Foot-stall, the plinth or base of a 
pillar. 

Foot -valve, the valve in the passage 
between the condenser and air-pump 
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af an engine, opening towards the 
air-pump. 

Foot-waleing, the plank withinside 
a ship, below the lower deck. 

Foot wall, the wall or side of the rock 
tinder the mineral vein. 

Footway, in mini up, the ladders by 
which the miners descend and at'Cend. 

Force, momentum. Power exerted. 

Force of the wind. Air, when in 
continuous motion in one direction, 
becomes a very useful agent of 
machinery, of greater or less energy 
according to the velocity with which 
it moves. 

The force with which air strikes 
against a moving surface, or with 
which the wind strikes against a 
quiescent surface, is nearly as the 
square of the velocity ; or, more 
correctly, the exponent of the ve- 
locity varies between 2*03 and 2*05 ; 
so that in most practical cases the 
exponent 2, or that of the square, 
may be employed without tear of 
error. 

Forceps, tongs used by smiths to take 
the hot metal from the tire. 

Force-pumps, the plunger-pump* for 
supplying the boiler of a locomotive 
engine : the plunger-rod* are con- 
nected to the piston-rods of the steam 
cylinder. 

Forcing-pump (the) differs but little 
from a syringe : the latter receives 
and expels a liquid through the 
same passage, but the former has a 
separate pipe for its discharge, and 
both the receiving and discharging 
orifices are covered with valves. By 
this arrangement it is not necessary 
to remove a pump from the liquid to 
transfer the contents of its cylinder, 
as is done with the syringe, but the 
operation of forcing up water may 
be continuous, while the instrument 
is immovable. A forcing-pump, there- 
fore, is merely a syringe fumi-hed 
with an induction and eduction 
valve, — one through which water 
enters the cylinder, the other by 
which it escapes from it. The ordi- 
nary forcing-pump lias two valves: 
the cylinder is placed above the sur- 
face of tiic water to be raked, and 
consequently is charged by the 
pres-ure of the atmosphere: the 
machine, therefore, is a compound 
one, differing from that described, 
which is purely a forcing-pump, the 


water entering its cylinder by gravity 
alone. 

Forcer, in Cornish, a small pump 
worked by hand, used in sinking 
small simples, dippas, or pits. 

Forecastle, a short deck at the fore- 
part of a ship, above the upper deck, 
on which cattles were formerly 
erected, or places to shelter the men 
in time of action. 

Fore-foot, the foremost piece of the 
keel of a vessel. 

Foreground, the front of a picture. 

Fore -plate bit, in metallurgy , a piece 
of hard white cast iron let into the 
front of the puddling furnace. 

‘ Over fore-plate bit the puddler 
works his tools, and there is, neces- 
sarily, great wear of the iron on that 
part/ — Percy . 

Foreyn, an ancient term to signify a 
drain or cesspool. 

Forge, a smith’s furnace for heating 
metals, to render them soft and more 

malleable. In metallurgy , the 

forge i* that part of an ironwork where 
the balls are hammered or squeezed, 
and then drawn out into puddled 
bars by means of grooved rolls. 

Forge cinder, in metallurgy, the 
slag, or cinder produced when work- 
ing iron in the forge. 

Forge hammers, in metallurgy , ham- 
mers used in a forge ; they are divis- 
ible into two clashes, viz., the lever 
hammer, and the direct-acting or 
stamp hammer. 

Forgemen, French Forgeurs, in me- 
tallurgy, men by whom the operation 
of forging the iron is carried out. 

Forge scales, the scales falling from 
iron when in the process of forging, 
essentially magnetic oxide of -Iron. 

Fork, a mine is said to be in fork 
when the water is pumped oqjfc. 

Fork. A short piece of steel wpich fits 
into one of the sockets or chucks of a 
lathe, and is used by wood-turners 
for carrying round the piece to be 
turned ; it is flattened at the end like 
a ehi*el, but has a projecting centre- 
point, trt prevent the wood from mov- 
ing laterally. 

Fore-locks, in a ship, little flat wedge- 
like pieces of iron, u*ed at the ends 
of bolt* to keep the bolts, from flying 
out of the holes. 

Foreshorten, in painting, is when a 
head or face in a draught is in.rle to 
appear shorter before. 
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Form: 1. General form : figure, shape, 
x configuration, make, formation, 
frame, construction, conformation, 
eftbrmation, mould, fashion. — 2 
ik Special form. — 3. Superficial form. 

K Form-peys, an ancient term for form- 
S pieces ; the lower terminations of 
m mullions which are worked upon 

■ sills. 

■ Formula (pi. Formulae), a pre- 
■p scribed rule in arithmetic or mat he- 
lp matics ; a maxim : in law, an action, 
1 f process, or indictment. 

B Formulary, a book containing set 
SkV forms, rules, or models. 

K'- Fornax, among the Romans, a kiln 
fN ? for baking pottery. 

orril, sheep-skin prepared for bind- 
ing, for drums, or for embroidery, 
ortification, the science of military 
architecture : a defensive building, 
orum. The Greeks built their forum 
with spacious porticoes, two tiers in 
height, arranged in a square form ; 
the columns of the porticoes were 
placed at small intervals from each 
other, supporting stone or marble 
entablatures ; and galleries were 
made over the lacunaria of the lower 
porticoes, or places of exercise. The 
lower porticoes were occupied as the 
offices of bankers, which situation 
was calculated to facilitate the man- 
agement of the public revenue : the 
upper contained seats for the specta- 
tors of the diversions practised in 
the forum. A large open space used 
by the Romans for the sale of mer- 
chandise and for public assemblies ; 
also a court of justice. 

Forward, the fore part of a ship. 
Forward enough, in soap-making, 
wjen the soap in the copper is suffi- 
ciently saponified, to insure full 
strength in the next boil. 

; Fosses d’Aisances : the cesspools of 
i Paris are so called ; and they are 
| usually made 3 m 00 long in the clear 
by 1"‘ 70, by l m 50, to the springing 
of the semicircular head (9 ft. 10 in. 
x 5 ft. 7 in. x 4 ft. 11 in. English, 
nearly) : a man-hole, 1"’*00 by O'" 35, 
is left for the purposes of emptying 
and visiting them (3 ft. 3 in. x 1 
ft. 2 in.). The walls which surround 
them, as well as the bottom, are ex- 
clusively formed of such materials 
, as are most efficacious in preventing 
the filtration of the matters contained 
within them. Of late years the usual 
a. 



custom has been to employ the meu - 
Here , or mill-stone, bedded in mortar 
composed of lime and cement, the in- 
side being well pointed, and rendered 
throughout with this mortar. No 
cesspool is allowed to be used until 
after an examination, to be certified 
by the municipal authority. Any 
infiltration to a neighbour’s property 
gives a title to damage^, and the 
architect and builder are both re- 
sponsible for ten years to the proprie- 
tor, as also to the neighbours, in case 
any nuisance arises from defects in 
the execution of the works. 

When the cesspools require clean- 
ing, notice is given to the Board of 
Public Health ( { aux Agents de la 
>Salubrite publique ’), who authorise 
and direct the operations. In winter 
these are carried on between 10 p.m. 
and 7 a.m. ; and in summer, between 
11 p.m. and 6 a.m. The carts, as 
well as all the other material of the 
nightmen, are under the inspecticn 
of the above-named officers, and must 
be, as nearly as possible, both water- 
tight and air-tight. They contain 
not more than 20 m 00 cube each, or 
nearly 71 ft. cube English. 

The contents of the cesspools are 
(tsually (especially in the modern 
houses) sufficiently fluid to allow of 
their extraction by pumps. In this 
case a small furnace is placed over 
the bung of the cart, to burn the gas 
as it rises : the bung itself is plas- 
tered over directly the cart is filled. 
When the contents are too solid to 
be pumped out, they are conveyed 
from below in small vessels of wrought 
iron, called 1 tinettes,’ holding about 
3£ feet (tj of a metre cube) each ; 
and the lids are plastered over before 
the vessels are removed from the 
cesspool. 

Of late years a system of what are 
called ‘ fosses mobiles * has been in- 
troduced into the better class of 
houses. It consists of air-tight tubs, 
placed in a vault (rendered also as 
air-tight as possible), which receive 
the ends of the soil-pipes. These tubs 
are removed at stated intervals, the 
openings plastered over, and may in 
that state be transported at any time 
of the day. 

The laystalls of Montfaucon con- 
sist of two large reservoirs, at a high 
level, into which the carts are emp- 
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tied. These reservoirs are about 2h 
acres superficial, and apparently 12 
feet deep, with a dam between them, 
to allow of one being used when the 
other is being emptied. An oveiflow 
drain, with sluice gates at each end. 
allows the liquid matter to run off to 
a large ba-in on a lower level, -where 
it deposits am t lung which may be 
merely in a state of mechanical sus- 
pension. Oil the banki of this 
reservoir are some important sal- 
ammoniac works. In the centie is 
aho a sluice-gate, which allows the 
surplus liquid matters to pass into 
two smaller n -ervmr-. where deposi- 
tion takes place without any mtei - 
ference from the pumping apparatus 
of the chemical woi k-. From thence 
the water* pas-, oft‘ into four other 
basins, in which any futilmng pro- 
perties they may contain are pieupi- 
tated by me ms of straw', dead leaves, 
etc. and the water, comparatively 
pure, is at length let oil' into the 
main sewer, which discharges itself 
into the Nunc, below Pun-. The | 
sui face of the intei mediate basins i- 
about 2"0 ,,J by i?h (or G, 1 acre-): 
that of the four Li-t ba-in- i* about 
o.jO , u * by U0 U »* for n«Mily i»A ;u res ) 

In one plan adopted for cmpt\ ing 
the cesspools tlie eait-aie nude <-t 
Strong boilei plat- : th y are placed 
under an aii-pump, and exhau-ted ; 
the pipes arc »oin;e> ’ed with t!c 
caits and the re— pool*, and the 
atniu-pheric pro— ure on the latter 
force- up the liquid content-. 

The action of the » poudictte * upon 
agriculture is somewhat extraordi- 
nary. In tin* time of llemi Ouativ, 
the wines of burc-nes wtre lnghlv 
c-tecmcd; the \ines produced little, 
but of a supciior quality: since the 
puudiuttu has been used to force 
than, the quantity of their produce 
ha* been inerra-t-d, but the quality 
has totally changed : from a superior 
rank, tl i wine- of the neighbouihood 
of Paii- have fallen to that of what 
i- vulgarly call'd ‘du petit him.’ 
T!ii- i- at pr- -cut sugge-rive when 
all Engl md l- engaged in cmisidi nng 
the l e-tmexh of removing our -euage 
from the nughoouihooclof our dwell- 
ings. 

Fossatum, a ditch, or a place fenced 
with a ditch or trench. 

Fossil, from tlie Latin fossil is, a term 


applied to minerals by the older 
writers on mineralogy, butin English 
it is now re.-tricted to organic re- 
mains found in rocks. 

Fossiliferous, a geological term ap- 
plied to rocks abounding in fossils. 

Foul air, in mining, either an explo- 
sive mixtuie in a coal mine, or car- 
bonic acicl in a mttnl mine. 

Foundations, according to Palladio, 
ought to be twice as thick as the 
wall to be raised upon them, so that 
both the quality of the earth and the 
greatness of the building are to be 
regarded, making the foundations 
laiger in a -oft aiul loo*e ground, or 
w here there i- a great weight to be 
supported. The plane of the trench 
nni-t be a.- level as possible, so that 
the weight may press equally, and 
not incline more on one side than the 
other, which occasions the cleaving 
of the walls. For this reason the 
ancients were accustomed to pave 
the plane with Travertine; but we 
mo-t oommonlv lay planks or beams 
to build on. The foundations ought 
to be made ■sloping, that i* to say, to 
dnnini-h as they rise; but yet in 
•such a manner that the middle of 
the wall above may fall plumb with 
the middle ol the lowe-t puit; which 
mu-t beal-o ob-oived in the diminu- 
tion of walls above ground, because 
by that means the building becomes 
much stronger than bv making the 
diminution any other wav. 

Sometimes, to avoid charges, 
(especially in maishy grounds, 
where there is a necessity to u-e 
pile-.) foundations are arched like a 
bridge, and the walls are built upon 
tho-e arches. In great building* it 
i- very proper to make vents through 
the body of the wall* from the 
foundations to the roof, because 
they let f.'itli the winds and other 
vapoui -. which are very prejudicial 
to building-: they le-sen the charges 
and are of no .-mall convenience, 
e-pcrially when th. le is occasion lor 
w imling— tail- from the bottom to 
the top. If it bo nei e*-ary to con- 
-iriK t vault- below ground, their 
foundation- mu-t be more substantial 
than tlie walls of the buildings which 
are to he rai-ed upon them. The 
walls, pillars, and columns of the 
latter mu-t be placed immediately 
over those below them, so that solid 
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may bear upon solid ; for if walls or 
• columns project beyond the substruc- 

|- ture, their duration must necessarily 

| be short. 

' The value of concrete in founda- 
tions was rendered obvious in a 
• building erected bv Mr. Clegg at 

Fulham, in 1829. The foundation 
was a quicksand. After the exca- 
vation was got out to the depth of 
15 feet, an iron rod sank, with little 
more than its own weight, 15 feet 
more ; it was, in fact, as bad a 
foundation as could possibly occur. 
In about twelve days after it was 
built, it had settled bodily down 16} 
inches, without a crack, or deviating 
in the lea^t from the plumb. It 
therefore follows, that the only dis- 
i advantage attending a bad natural 
1 foundation is the expense of making 
an artificial one. 

Foundations of temples. In pre- 
paring foundations for works of this 
kind, it will be necessary to dig down 
to a regular stratum, if such is to be 
met with ; and upon this the founda- 
tions, constructed with great atten- 
tion to their strength, are to be laid : 
their solidity must be proportioned 
to the magnitude of the building in 
contemplation. The piers above- 
ground, below the columns, should 
be thicker than the diameter of the 
columns they arc to support by one- 
half, that these substructures which 
arc called stereobatic, on account of 
their sustaining the whole weight, 
may be enabled by their greater 
* solidity to support what is built upon 
them. The bases of the columns, 
when fixed, ought not to project be- 
fore the face of the stereobatic on 
either side. The intervals between 
the piers should either be made solid 
by means of piles, or arched over, so 
as to connect the piers. 

If no compact stratum is to be 
found, but the ground, on the con- 
trary, is loose or marshy to a great 
depth, trenches must be dug, and 
piles of charred alder, olive, or oak 
placed close together, be driven in 
by means of machines : the intei vals 
between them should be filled up 
with charred timber, and upon this 
substratum the foundations should 
be formed with solid masonry. 
Foundations of a Bridge : these 
consist, properly, cf the underground 
k 2 


work of the piers and abutments, 
which it is within the province of a 
civil engineer to construct : the 
necessity of firmness and solidity in 
the execution of such Tvorks will be 
deemed of importance just in propor- 
tion to the intended extent and mag- 
nificence of the structure they are 
dt'^iirned to support. 

Foundemaunt, foundation. (Chau- 
cer.) (Obsolete.) 

Foundery, in iron works , the space of 
six days — a week’s work. 

Founding, the art of obtaining casts 
of any object by running the molten 
metal into moulds, which are gene- 
rally made of sand, but sometimes of 
metal. 

Foundry, a place where masses of 
metal are melted and run into 
moulds, so as to assume the required 
form. 

Four -way cock, a cock having two 
separate passages in the plug, and 
communicating with four pipes. 

Fox-tail, in metallurgy , the cinder ob- 
tained in the last stage of the char- 
coal-finery process ; it is a more or 
le^s cylindrical piece, hollow in the 
centre, 

Fox-tail wedging, in carpentry. 
This is done by sticking into the 
point of a wooden bolt a thin wedge 
of hard wood, which when the bolt 
reaches the bottom of tlie hole, splits, 

expands, and secures it Adopted 

by ship carpenters ; is made with 
long wooden bolts which do not pass 
completely through the timbers but 
take a fast hold. 

Frame, the strong frame-work, out- 
s»ide the wheels, which supports the 
boiler and machinery on the axles of 
a locomotive engine. Some engines 
have the supporting frames within 
the wheels, and are called inside- 
framed engines. Besides this frame, 
resting on the axles, there are also 
other strong stays from the fire-box 
to the smoke-box, called inside 
framing or stays, for supporting the 
works and strengthening the boiler. 

Frames, the bends of timbers that are 
bolted together : in small ships there 
arc two bolts in every shift of tim- 
ber, and three in large ships. The 
bults should be disposed clear of the 
chain and preventer belts, scupper, 
lodging knee-bolts, and port cells. 

Frames, in soap-making , vessels into 
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which the hot soap, when finished is 
put to cool. 

Francbe-Comte Process, in metal- 
lurgy , a process of refining iron, which 
derives its name from an old French 
province in the east of France. It is 
termed by the French ‘Methode 
Comtoise,’ and is the prevailing 
charcoal finery process both in 
France and Belgium. 

Frankfort -black is said to be made 
by burning in the manner of ivory- 
black the lees of wine from which 
the tartar has been v ashed. Fine 
Frankfort-black, though almost con- 
fined to copper-plate printing, is one 
of the best black pigments we pos- 
sess, being of a fine neutral colour, 
next in intensity to lamp-black, 
and more powerful than that of 
ivory. 

Frater-house, the refectory or hall 
of a monastic establishment. 

Fredstole, a seat near the altar. (See 
Frithstool.) 

Freedom, m drawing, is a bold and 
spirited manner, with evident liberty 
of the pencil ; i.e. where the draw- 
ing is apparently accomplished with 
ease. 

Freemason, as applied to ancient 
architecture : a person learned in the 
art of building, more particularly 
in ecclesiastical construction, and 
who by his learning in the science 
and his taste in the construction of 
edifices, travelled from one country 
to another, and executed models of 
everlasting renown. The term may 
also be applied to a free-stone mason, 
or a cutter and worker in stone, 
without reference to the society 
called Freemasons. 

Free -st one, building stone which may 
be easily cut into blocks and uoiked 
with a chisel ; so called from having 
no grain : it may therefore be cut in 
any direction. 

Free -stuff, that timber or stuff which 
is quite clean or without knots, and 
works easily, without tearing. 

French chalk, steatite, a mag- 
nesian mineral, employed to remove 
grease stains. 

French polish, shell-lac dissolved in 
spirits of wine. 

French purple, a beautiful dye co- 
lour prepared from lichens. * It is 
generally sent into the market as 
‘lime lake.’ 
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French School of Painting. This 
school has been so different under 
different masters, that it is difficult to 
characterise it. Some of its artists 
have been formed on the Florentine 
and Lombard styles, others on the 
Roman, others on the Venetian, 
and a few of them have distin- 
guished themselves by a style which 
may be called their own. In speak- 
ing in general terms of this school, 
it appears to have no peculiar cha- 
racter, and can only be distin- 
guished by its aptitude to imitate 
easily any impressions ; and it may 
be added, speaking still in general 
terms, that it unites in a moderate 
degree the different parts of the art, 
without excelling in any one of 
them. 

French, tub, a mixture used by 
dyers, of the protochloride of tin and 
logwood. 

Fresco, a kind of painting performed 
on fresh plaster, or on a wall covered 
with mortar not quite dry, and with 
water-colours. The plaster is only 
to be laid on as the painting pro- 
ceeds, no more being done at once 
than the painter can despatch in a 
day. The colours, being prepared 
with water, and applied over plaster 
quite fresh, become incorporated 
with the plaster, and retain their 
beauty for a great length of time. 
The Romans cut out plaster paint- 
ings on brick walls at Sparta, packed 
them up in wooden cases, and trans- 
ported them to Rome. 

Fret, an ornament used in classical 
architecture, formed by small fillets 
intersecting each other at right 
angles. 

Friars, a priestly order. The number 
of religious houses occupied by the 
different orders of friars in England 
and Wales, previous to their aboli- 
tion, including the Nuns Minoresses, 
amounted to — 

Black or Dominican friars . 54 
Grey or Franciscan friars . . 62 
Minore^ses or nuns of the 


order of St. Clare .... 4 

Friars of the order of the Holy 
Trinity for the redemption 
of captives ...... 12 

Order of the Carmelites or 

White friars 50 

Crutched or Crossed friars * 10 


FAX 


FRIGID ARIUM. 


Ftn« 


Austin friars 32 

Friars de pceuitentia or of the 

sac 9 

Bethleraite friars 6 


Friction, the act of rubbing two 
bodies together, or the resistance in 
machines caused by the contact of 
different moving parts. Friction is 
proportional to the pressure; that 
is, everything remaining the same, 
the friction increases as the pressure 
increases. 

Friction-clutch, a shell or box fixed 
on the end of a driving shaft, fitted 
by a conical piece which slides on a 
feather, or raised part, at the end of 
another shaft, so that it can be en- 
gaged at pleasure by the cone being 
forced into the shell by a lever or 
screw. This apparatus is very use- 
ful for driving machines, the parts 
of which are subjected to violent 
strains, as the pressure upon the 
clutch can be regulated so as to 
allow it to slide when the strain is 
too great to be borne safely by the 
machine. 

Friction-gearing. Wheels for trans- 
mitting power by means of parallel 
ridges or teeth of the driver on the 
rims which gear into corresponding 
grooves on the follower. They are 
very convenient for use in machines 
that require to be put in or out of 
gear rapidly ; compressed masses of 
paper are also used as frictional 
driving surfaces. 

Friction rollers, a bearing formed of 
two rollers, whose circumference 
supports a rotating axle instead of a 
brush or block, in order to substitute 
the friction of rolling for that of 
sliding, which is considerably less 
for similar pressure. 

Frieze, the middle division of an en- 
tablature, that which lies between 
the architrave and the cornice. 

Frigatron, a Venetian vessel, built 
with a square stern, without any 
foremast, having only a main- mast 
and bowsprit. 

Frigidarium, the cold bathing- room 
in the baths of the ancients, as ■well 
as the vessel in which the cold water 
was received. 

The cold bath: the reservoir of 
cold water in the hypocaustum, or 
stove room, was termed ahenum frigi- 
darium. 


Frisquet, the name given by wood 
engravers to the paper with which 
they cover that portion of the v, T ood- 
cut which is not yet cut away, but 
which forms no part of the engra- 
ving, when they are about to take a 
proof of their work. 

Fritlistool or Fredstool, a seat or 
chair near the altar, for those es- 
pecially who sought the privilege of 
sanctuary. 

Frontal or Fronter, the hanging 
with which the front of an altar was 

formerly covered. In architecture , 

a small imitation of a roof over a 
small door or window. 

Frontispiece, in architecture , the 

facade, which see. In engraving , 

the print which faces the title-page 
of a book. 

Fronton, a French word to express 
an ornament over a door or pediment. 

Frost blue, a coarse variety of smalt. 

Frowy stuff, short or brittle and soft 
timber. 

Frumstall, a chief seat or mansion 
house. 

Fucus, a name given by the Romans 
to certain false dyes and paints. 

Fu d, woollen waste. (See Mungo.') 

Fuel, the combustible substances used 
for the production of heat. 

Fugue, a musical composition in 
which the subject is proposed by one 
part and taken up and repeated by 
the others in succession. 

Fulcrum, the prop or support by 
which a lever is sustained. 

Fulgurite, a vitreous tube formed in 
sand by lightning. 

Fullers’-earth, a soft unctuous marl, 
used by fullers in the process of 
cleansing cloth, etc. 

Fulling-mill, an engine or mill, in 
which cloth is cleansed by being 
beaten with hammers. 

Fulminating gold or silver or mer- 
cury, in chemistry , ammonia or ni- 
trogen, combined with the oxides 
of gold or silver or mercury. The 
formula of fulminating silver is 
OX^Hg-O 1 + Ag. ; this is four pro- 
portions of carbon, two of nitrogen, 
two of hydrogen, and four of oxygen 
added to the metal. 

Fumarium, a chimney ; an upper 
room used among the Romans for 
collecting the smoke from the 
lower apartments : used also for 
smoking or ripening wines. 
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Fuor, among carpenters, a piece | 
nailed upon a rafter to strengthen i 
it when decayed. 

Furling, in navigation , the wrapping , 
up and binding of any sail close to 
the yard. ] 

Furlong, a measure of length, the 
eighth part of a statute mile (220 
yards or GGO feet). 

Furnace, a fireplace for the produc- | 
tion of great heat by the combu-tion 
of coal or other fuel. Too much in- 
dustry, exactitude, and intimate 
knowledge of the subject, cannot be 
brought to bear on the construction 
of the furnace, in order to attain the : 
two great objects of its action ; 
namely, first, to produce as perfect a 
combustion of the fuel as possible : 
and secondly, to apply as much as 
possible of the heat so developed 
effectively to the boiler. These two 
requirements for a good furnace are, 
however, not so easily satisfied. , 
Much remains to be acquired a-? to 
the conditions under which the whole 
of the caloric may be perfectly de- 
veloped from the fuel, although the 
best manner of applying the heat to 
the boiler is well understood. The 
furnace is one of the most important 
parts of the higli-pressure engine. 
The w'hole action and power of the 
machine depend on its construction, 
and on the effect obtained from 
it, inasmuch as fire is the prime 
agent. 

Furnace cadmia or Calamine, 
in metallurgy , an incrustation of oxide 
of zinc, with impurities, which forms 
round the throat of an iron furnace. 

Furnace pumice, in metallurgy, a 
slag often produced in smelting pi- 
solitic iron ores, having the cellular 
appearance of pumice stone. 

Furnace, Gas, a furnace invented by 
Mr. Siemens in which gas produced 
by the imperfect combustion of coal 
is burnt ; both the gaseous fuel and 
the air for burning it being first 
brought up to a high tempcratuic by 
parsing them through piles of fire- 
brick heated to strong redness by 
the waste flame on its way to the 
chimney. These furnaces are found to 
he exceedingly economical. 

Furniture : anterior to the Tudor age, 
household furniture was in gene- 
ral of a rude, substantial character ; 
the tables were formed of hoards 
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or trestles, the seats of massive oak 
benches or stools, and the floors 
strewed with straw. 

The furniture of the hall consisted 
of but few articles, such as clumsy 
oak tables covered with carpet, 
benches or joined forms of the 
same material, and cupboards for 
plate, pewter, * treene,’ leather jugs, 
glass, etc., with a reredos or fire- 
iron in the centre of the floor, 
against which faggots were piled and 
burned, the smoke passing through 
an aperture in the roof ; the fender, 
formed by a raised rim of stone or 
tile, and a ‘ tier fork ’ and tongs. 

Furrings, slips of timber nailed to 
joints or rafters, in order to bring 
them to a level, and to range them 
into a straight surface, when the 
timbers are sagged, either by cast- 
ing, or by a set which they have 
obtained bv their weight in the 
course of time. 

Fusarole, in architecture, a moulding 
or ornament placed immediately 
under the echinus in the Doric, 
Ionic, and Composite capitals ; 
the shaft of a column, pilaster or 
pillar, or that part comprehended 
between the shaft and the capital. 

Fused colours, in glass-making , such 
colours as arc formed by fusing the 
metallic oxide required for producing 
colour with the flux before it is laid 
on the glass. 

Fusible metal, an alloy consisting of 
8 parts of bismuth, 5 of lead, and 3 of 
tin ; it melts in boiling water. A 
little mercury being added, it becomes 
still more fusible, and is sometimes — 
but not wisely — used for filling' 
of carious teeth. 

Fusion, founding or melting, run- 
ning metals into fluids. 

Fust, the shaft of a column from the 
astragal to the capital. 

Fustic, a wood of a species of mul- 
berry growing in most parts of 
South America, the United States, 
and the West Indies : it is a large 
and han i home tree, principally used 
for dyeing greens and yellows, and 
also in mosaic cabinet-work and 
turnery. 

Fustic, Young, the wood of a shrub 
growing in the South of France— 
Rhus cotinus ; it is called sometimes 
Venetian sumach. 

Futtock, in ship-building. Every 
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single timber is called a futtock, and 
distinguished by the terms lower, or 
first, second, third, etc., except the 
floors, long and half-timbers, top 
timbers, stern timbers, etc. 

Futtocks, the middle timbers raised 
over the keel, between the floor and 
the upper timbers. 

Futtock shrouds, in ship-rigging , 
small shrouds that go from the main- 
mast, fore-mast, and mizen-mu&t 
sbioud* to those of the top-nui-t. 

Fuze, Safety, a hollow cm cl of h< mp, 
having a eential train of powder, 
used in firing blast holes in mines. 
The outer covering-i or tapes are 
variously wnter-pioofed according 
to the ground in which the fuse is 
to be u^d 
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Gabions, hollow cylinders of twigs and 
branches in the manner of ba-ket- 
work — filled with stems and laid one 
on another to form liver an<l sea 
walls, or filled with earth in siege 
works. 

Gable, the upright triangular end of 
a house, from the cornice or eaves 
to the top of the building, sometimes 
called a sloped roof ; the upper pa it 
of a wall, above the level of the 
eaves. Examples in English and 
foreign Domestic and Gothic archi- 
tecture are vaiious, and generally 
have a most picturesque efiert. 

Gablets, small ornamental gable* or 
canopies formed over tabernacles, , 
niches, etc. 

Gad, in mining , a pointed wedge, used I 
for wedging clown the rocks. 

Gaff, the inclined spar used to set the 
head of a fore and aft mainsail or 
topsail in cutters and schooners, or 
the topsail spanker in square-rigged 
vessels. 

Gage or Gauge, an instrument u«ed 
for measuring the state of rare- 
faction in the air-pump, variations 
in the barometer, etc.: a measure, 
a standard. 

Gal, usually Cal, in Cornish , brown 
iron ore. Ilamatite. 


Galena, sulphide of lead, sometimes 
containing silver. 

Galilee, a porch or chapel at the en- 
trance of a church. Ihe galilee at 
Lincoln cathedral is a porch on the 
west side of the south transept : at 
Ely cathedral it is a porch at the 
we-t end of the nave: at Durham 
it is a large chapel at the west end 
of the nave, which was built for the 
u**o of the women, who were not 
allowed to ad\ ante fui ther into the 
chm\ h than, the second pillar of tire 
nave. 

Gallery, an apartment geneially ot 
greater length in proportion to the 
width, applied for the purpose of 
exhibiting pictures or sculpture: 
u<ed formerly in early English Do- 
nie-tic aiehiteituio, in large houses, 
a place of le-oit fur dancing and 

oth< r amusements. In mining , the 

levels, horizontal workings, driven 
upon the lode, or the adit level 
tluough which the ore is conveyed. 

Ihea-twork around the stern of 

a ship of war. 

Gallery hauling, in mining, a pas- 
sage driven on the dip of the vein. 

Gall-steep, in dyeing, a bath of nut- 
galL, for the process of galling in 
1 Turkey- red dyeing. 

Gallery picture, a picture in which 
the figures and animals lcprcsented 
are I itemize or larger ; and land- 
scapes of more than five fuetin width 
arc so-called. 

Galliot, a Dutch vessel, carrying a 
main and a mizcii mast, and a large 
graft main-sail. 

Gall of glass, called sandiver, the 
neutral salt .dvi mined off the surface 
of melted crown glass. 

Gall-stone (colour), an animal cal- 
culus formed in the gall-bladder 
principally of oxen. This concre- 
tion varies a little in colour, but is 
in general of a beautiful golden 
yellow, more powerful than gam- 
boge, and is highly reputed as a 
water-colour • nevertheless, its co- 
lour is soon changed and destroj^ed 
by strong light, though not subject 
to nltorarion by impure air. 

Galvanism, the term u^od for the elec- 
trical phenomena anting from the 
chemical agency of certain metals 
with different fluids; so called from 
Gat rani. 

j Galvanometer, an instrument coa- 

m 
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trived to measure minute quantities 
of electricity. 

Galvanoplastic art, Galvanogra- 
phy. The art of copying plastic 
objects in copper or other metals. 
It is especially valuable in copper- 
plate engraving, as by its means j 
any number of duplicates may be 
taken from the original plate. (See 
Electro-metallurgy or Electrotype .) 

Gamboge, or, as it is variously writ- 
ten, Gumboge, Gambouge, Cam- 
fa ogia, Gambadium, etc., is 
brought from Cambogia, in India, and 
is the produce of several kinds of 
trees. It is, however, principally ob- 
tained from the tree called Gokathu, 
which grows in Ceylon and Siam. 
From the wounded leaves and voung 
shoots the gamboge is collected in 
a liquid state, and dried. Gam- 
boge is a concrete vegetable sub- 
stance, of a gum-rcsinous nature, j 
and beautiful yellow colour, bright 
and transparent, but not of a great 
depth. When properly used, it is j 
more durable than generally re- 
puted, both in water and oil, and 
conduces, when mixed with other j 
colours, to their stability and dura- ] 
bility, by means of its gum and 
resin. It is deepened in some de- 
gree by ammouiaeal and impure 
air; and somewhat weakcnul. but 
not easily discoloured, by the ac- 
tion of light. 

Gammoning, in navigation , seven or 
eight turns of a rope passed over the 
bowsprit, and through a large hole 
in the stem or knee of the head, 
alternately, and serving to bind the 
inner quarter of the bowsprit close 
down to the ship's stem, in order to 
enable it the better to support the 1 
stays of the fore-mast : after all the 
turns are drawn as firm as possible, 
the opposite ones arc braced together 
under the bowsprit by a frapping. 

Gammoning hole, a hole cut through 
the knee of the head, and sometimes 
one under the standard in the head, 
for the use of gammoning the bow- . 
sprit. 

Gang of workmen, an indefinite 
number of men employed in rail- 
way or any other engineering work. 

Gannister stone, a siliceous sand- 
stone in the coal measures, used for 
the lining of Bessemer converters by 
iteel makers. 
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Garancin. (See Madder .) 

Garboard strake, the strake in he 
bottom that is wrought into the 
rabbet of the keel of a ship. 

Gardens. The ancient plans of gar- 
dens show that the Egyptians were 
not less fond than our ancestors of 
mathematical figures, of straight 
walks, architectural decorations, and 
vegetable avenues ; and that they as 
thoroughly entered into the idea of 
seclusion and safety suggested by 
enclosures within enclosures. It has 
been remarked, that in some old 
English places there were almost as 
many walled compartments without 
as apartments within doors: the 
same may be said of Egyptian 
country houses. This principle of 
seclusion and an excessive love of 
uniform arrangement are remarkably 
displayed in the plan of a large 
square garden given in Professor 
Rosellini’s great work. 

Gargoyle or Gurgoyle, a projecting 
spout used in Gothic architecture, to 
throw the water from the gutter of a 
building off the wall. It was usually 
fa.diioned into a grotesque head or 
monster. 

Garland, an ornamental band used in 
Gothic work. 

Garnet, a hinge, now called a ‘ cross 
garnet ; ' — a red gem of various tints. 

Garret, an upper apartment of a 
house, immediately under the roof. 

Garretting, small splinters of stone 
inserted in the joints of coarse ma- 
sonry they are stuck in after the 
work is built : flint walls are very 
frequently garretted. 

Gas. All substances, whether animal 
or vegetable, consisting of carbon, 
hydrogen, and oxygen, when ex- 
posed to a red heat, produce various 
inflammable elastic fluids capable of 
furnishing ai titicial light. The evo- 
lution of this elastic fluid may be 
perceived during the combustion of 
coal in a common fire. The coal, 
when heated . to a certain degree, 
swells and kindles, and frequently 
emits remarkably bright streams of 
flamp, and after a certain period 
these appearances cease, and the coal 
glows with a red light. 

The flame produced from coal, oil, 
wax, tallow, or other bodies which 
are composed of carbon and hydro- 
gen, proceeds from the production of 



GAS 


GAS. 


GAS 


carburetted hydrogen gas, evolved 
from the combustible body when in 
an ignited state. 

If coal, instead of being burnt in 
the ordinary way, be submitted to 
the temperature of ignition in dose 
Vessels, all its immediate constituent 
parts may be collected: the bitumi- 
nous part is distilled over, in the 
form of coal-tar, etc., and a large 
quantity of an aqueous fluid is dis- 
engaged at the same time, mixed 
with a portion of essential oil and 
various ammoniacal salts. A large 
quantity of carburetted hydrogen, 
carbonic oxide, carbonic acid, and 
sulphuretted hydrogen, also make 
their appearance, together with small 
quantities of cyanogen, nitrogen, and 
free hydrogen, and the fixed base of 
the coal alone remains behind in the 
distillatory apparatus, in the form of 
a carbonaceous substance called coke. 
An analysis of the coal is effected by 
the process of destructive distilla- 
tion ; and the products which the 
coal furnishes may be separately col- 
lected iu different vessels. 

The carburetted hydrogen, or coal- 
gas, when freed from the obnoxious 
foreign gases, may be propelled in 
streams out of* small apertures, 
•which, when lighted, form jets of 
flame, now' called gas-lights. 

Gas is purified by being passed 
through lime, by which the &ulphu~ 
retted hydrogen is separated. The 
purification of gas from ammonia is 
effected by means of dilute Mil plmiic 
acid applied between the condensers 
and the ordinary lime purifiers. The 
vessels are made either of wood or 
iron, and lined with lead, having a 
wash- plate similar to the wet -lime 
purifiers. The radiating bottom is 
formed of wooden bars, for the pur- 
pose of supporting the wash-plate 
and distributing the gas. In com- 
mencing the process, these vessels 
are charged with water and sulphu- 
ric acid in the proportion of 7 lbs. 
of the latter to 100 gallons of the 
funner. As the acid is neutralised 
by the ammonia contained in the 
gas passing through the vessels, the 
above proportion is kept up by a 
continuous dropping or running of 
acid, regulated according to the 
quantity of ammonia contained in 
the gas, from a reservoir, placed on 


the top of the saturator. This mode 
of supplying the acid is continued 
until the specific gravity of the 
solutionis at 1T70, or near the point 
of crystallisation ; after which the 
supply of acid is discontinued, and 
the liquor retained in the vessel 
until neutralised : it is then drawn 
off and evaporated, and yields a pure 
sulphate of ammonia. The process 
of gas-making resolves into the gene- 
ration, the refrigeration, the purifi- 
cation, and the stowage in large ga- 
someters from which it passes into 
the mains, and is distributed over 
the district to be illuminated. 

Gas (distribution of, through 
mains). There is no branch con- 
nected with the subject of gas en- 
gineering so highly important as 
that which relates to its conveyance 
aud distribution through pipes ; 
there is none in which theory affords 
more assistance, and there is hardly 
any branch to which so little atten- 
tion 'has been paid. The interests 
of a gas company are not best served 
by simply increasing the quantity 
of gas from the some quantity of 
coal, or improving the lime machi- 
nery, etc. The laying of street- 
mains forms the most considerable 
item in the outlay ; and by a ju- 
dicious arrangement in the first in- 
stance, much may be saved both at 
fiist and last. 

It is for the purpose of rendering 
this branch of the science, and that 
of the passage of gas through pipes, 
peifectly plain, that the following 
observations are here given. 

When it is proposed to light any 
town, or district of a town, with gas, 
the tirs-t step to be taken is to ascer- 
tain the number of lights, both pub- 
lic and private, that will be required, 
with as much accuracy as circum- 
stances will permit; the length of 
time such lights will have to burn, 
and khe quantity of gas consumed 
by them per hour, making allow- 
ances for the increase of lamps that 
will probably be required by the 
extension of the town. The size ot 
the works themselves may be easily 
ascertained from this calculation, it 
will then remain to fix upon a 
proper situation in which to erect 
them : the best local position is upon 
the banks of a navigable river or 
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canal, and at the lowest available 
level, and the nearest approach to 
such a situation is advisable for 
obvious reasons. A map of the 
town must be obtained, or a survey 
made of the different streets and 
thoroughfares : running levels must 
he taken through them at several 
points, and their respective heights 
marked with reference to the level of 
the works as a datum : upon this map 
all the mains must be drawn, also 
their branches, valves, and gover- 
nors. Their arrangement must be 
such as to allow of a perfect circu- 
lation of the gas, and a nearly uni- 
form pressuie at the highest and 
lowest point. All the pipes upon the 
same level should be joined into one 
another, and no valves used but such 
as are necessary to shut off the gas 
for repair of mains. To supply a 
higher level, a governor should' be 
placed at the summit of the lower 
level, with the lower main leading 
into it. Tiie pipe or pipes for sup- 
plying the higher parts should pro- 
ceed from the regulating vessel. A 
cellar may be appropriated for the 
reception of this vessel. One lead- 
ing main should be taken direct 
from the works to an equilibrium 
cylinder situated at some point from 
which several streets diverge, and 
no supply taken from this main until 
it has reached the cylinder. Branches 
suitable to the supply of each di- 
vision of the distiict should lead 
from this cylinder. The supply of 
gas to the cylinder should be so 
regulated as to cause the gas to flow 
along the branches at an even pres- 
sure of about live-tenths of an inch. 
If the cylinder be at any eomider- 
able distance from the’ works, a 
smaller main, with increased pres- 
sure, may lead to it, its size being 
sufficient to equalise the discharge. 

Supposing a district to be lighted 
requiring 1,000 public or street lamps, 
and 7,000 private burners, it is usu- 
ally considered that each lamp on an 
average will consume 5 cubic feet 
of gas per hour, therefore 10,000 
cubic feet will be rcquiicd to light 
the distiict for an hour; and the 
leaning mam must be capable of 
delivering that quantity into the 
equilibrium cylinder in that time, 
io determine the size of this main, 


the probable increase of lamps must 
be taken into consideration ; and a? 
that will depend so much upon^ir- 
cum stances in every instance, tint 
judgment of the engineer alone can 
serve to regulate the additional area. 
If the increase should be beyond that 
which was expected, the gas must 
be forced through the leading main 
at a greater pressure. 

In the above example, if the dia- 
meter of main for a present consump- 
tion be 12 inches, and to secure 
ail adequate, supply at any future 
period its diameter he increased to 
15 inches, the present working 
pressure ma} r be reduced to 1*5 of an 
inch instead of 3 inches; and as the 
leakage will also be decreased, the 
extra-sized main will not be found 
disadvantageous even in the first 
instance. 

Gasometer, a reservoir of gas, with 
conveniences for measuring its vo- 
lume. The simplest and most general 
in use consists of an iron vessel, open 
at the bottom, and inverted into a 
tank of water below the surface of 
the ground, having perfect freedom 
to rise and fall, and guided by up- 
light rods fixed at several points in 
the circumference. The diameters 
and numbers of the vessels will vary 
according to the magnitude of the 
works to which the gasometer is 
attached, and the space to be occu- 
pied by it. If the works are situated 
in a town, where the ground is too 
valuable to allow an increased ex- 
tent, a * telescope gasometer * is em- 
ployed. 

Gas-oven, in metallurgy , the oven in 
which the waste gases taken from 
the top of the blast furnace are em- 
ployed for heating the air for the 
blast. 

Gas-puddling, the puddling of iron 
by the use of gases instead of solid 
fuel. 

Gas-tar, commonly called Coal-tar. 

In the year 1GG5 a German 
ehcmi>t proposed to distil coal for 
tlie sole purpose of obtaining this 
tar, and in 1781, the Earl of Dun- 
donald took out a patent for col- 
lecting the tar which appeared 
during the formation of coke. After 
a few years’ trial, coal-tar as a sub- 
stitute for vegetable tar fell into 
disuse. It was tried in the navy. 
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and was found to give the timber a 
considerable degree of hardness, 
but not of durability. Its smell is 
extremely offensive ; and since that 
time it has been used only in 
places "where that is of little conse- 
quence. Of late years it has been 
found that the tarry products of gas 
manufacture are of the highest value: 
from these hydrocarbons many arti- 
ficial fruit-essences are prepared, and 
they are the source of all tho*c beau- 
tiful dyes, mauve , magenta, and 
others grouped under the geneial 
term of aniline coloms. 

Gas-welding, welding iron bymears 
of a gns-fiame. 

Gassing, the passing of woven fahiics 
through small jets of burning ga«, to 
bum off the small fibres. 

Gasket, plaited cord fastened to the 
sail-yards of a ship, and used to 
furl or tie up a sail firmly to the 
yard, by wrapping it round both six 
or seven times, the turns bring at 
a competent distance from each 
other. The platted hemp cord 
formerly used for packing the piston 
of steam-engines. 

Gatehers, in mining , the after- 
leavings of tin. 

Gates, feed poles left in moulds for 
castings ; they serve also for allowing j 
the e-cape of air. 

Gates and doors are generally, whe- 
ther arched or square, twice their 
breadth in blight. The former 
may be ornamented with column-, 
pilasters, entablatures, pediments, 
rustic 4 , impo.-ts, archivolts etc ; 
the latter with architraves round 
the sides and tep of the opening, 
and crowned with a frieze and cor- 
nice. The corni'-e in this case is 
very frequently supported with a 
con-ole on each side. Columns 
pilasters, and other ornaments arc 
also sometimes employed in the 
decoration of doors. 

Inside doors should not be nar- 
rower than 2 feet 9 inches, nor is 
it needful that they exceed 6 feet 
in height ; entrance doors 3 feet 
6 inches to 6 fict 6 inches broad 
in private dwellings : but in public 
buildings, where crowds amenable, 
they nni-t be considerably enlarged. 
The smallest width for a gate should 
be 3 feet 6 inches. 

Gate -house, or park entrance, a struc- 


ture designed rather to produce an 
agreeable and picturesque effect, 
than to accord with any fixed rules 
or cu-tnms of art : such, indeed, 
was the practice towards the latter 
end of the sixteenth century, when 
it would appear that most meu 
wished to di-plav their taste and 
learning in architecture. The gate- 
in m-* al-o forms an entrance to a 
pnvate mansion, to any public, 
municipal, or collegiate building, 
or to a palace, etc. In the early 
English architecture, gatc-liouscs, 
now sometimes called Lo. ges , were 
large and imposing structures, of 
gicat elegance. 

Gate-way or Gate-road, in mining , 
a level or gallery in a mine, along 
which the minerals are carried. 

Gauge (pronounced gage), a measure 
by which the capacity or contents 
ot a ca-k or ve-i-el may be ascer- 
tained. Gauging is a turn used in 
men-uiation, and applied by engi- 
neers in their several operations. 
As applied to railways, the distance 
between the centre- of the rails, 
which in the orumaiy or narrow 
gauge is 4 ft. Sk inches; the 
broad gauge of the Great Western 
If ail way i- one lialf wider, or 7 feet. 
The lii-h, Indian, and Spanish 
gauge i 5 5 feet G inches. Of late, 
sp< ciallv nairow gauges have been 
adopted* for mountain and mineral 
lines, such as the 3 feet 6 inch gauge 
of the Norwegian lines, and the 1 
foot 11 im lies of the Fostiniog line, 
which lias been brought prominently 
before the public in connection with 
the Fail lie double bogie engine. 

Gauge, a mixture of fine stuff 
and piaster, or putty and plaster, or 
coarse stuff and plaster ; used in 
finishing the hot ceilings and for 
mouldings, and sometimes for set- 
ting walls. 

Gauge-cocks,two or three small cocks 
fixed in front of the boiler of a steam- 
engine, for the purpose of ascer- 
taining the height of the water. 

Gauge-glass, in locomotive engines, a 
stiong glass tube, connected with 
the boiler by two cocks attached 
to the gaugc-ci ck pedestal. The 
water is admitted to this tube by 
the lower cock, the steam by the 
upper cock. It thus becomes an 
index to what is going on inside 
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the boiler, exhibiting the height 
or agitation of the water in it. A 
small cock is placed below the 
glass for blowing out any sediment 
which may be deposited in it. 

Gauge-lamp, in locomotive engines , 
a small lamp placed beside the 
gauge-glass at night, that the state 
of the water in the boiler may be 
seen by the engine-man. 

Gauntlet, in heraldry , an iron glove ; 
in challenges, the gauntlet was 
thrown dow n in defiance. 

Gauze, a loosely woven, thin, and 
transparent fabric. (See C/upe.) 

Gauze Wire Cloth, woven wire, 
used for safety lamps and sieves. 

Gaveller, the principal officer for 
the Crown in Dean Forest is so 
called. 

Gear, furniture, dress , harness: the 
term is also applied to the several 
working parts of a locomotive 
steam-engine. 

Generating surface, the heating sur- 
face of a boiler, or that on which 
heat is applied to generate steam. 

Genre-painting, pictures represent- 
ing life and manners, comprising 
both the grave episode and the comic 
scenes of life. Geme-pai nting avoids 
religious themes and historical sub- 
jects : it is truly limited to the re- 
presentation of ‘pure natuie, true 
humanity, and national character, as 
revealed by domestic man ieis.’ 

Gentese, in eatly English architec- 
ture, cusps in featherings in the arch 
of a doorway. 

Geode, or potato-stone, a hollow ball- 
like concretion, containing crystals 
in the interior. 

Geodesy, literally the art of measur- 
ing and surveying of land ; but the 
term is generally restricted to the 
higher operations of measurement of 
the figure of the earth. 

Geology (a treatise or discourse on 
the eai th) ‘ is a term which admits 
of a very wide interpretation, and 
naturally suggests to the mind in- 
quiries, — 1st, into the formation 
and original condition of the earth ; 
2mlly, mt<» the successive modifica- 
tions which it has undergone, and 
the agencies by which they have 
been effected ; and 3rdly, into its 
resent condition, and the agencies 
y which changes in that condition 
are still effected. 
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Geometry, the science of quantity, 
extension, or magnitude. 

Geoscopy, a knowledge of the diffe- 
rent kinds of earth. 

German blue, a pigment occupying 
in tint a middle place between 
Antwerp blue and Ultramarine. It 
differs only fiom Prussian blue in 
containing an oxide of antimony. 

German Kazor Hone. (See Hones.') 

German silver, an alloy of copper, 
nickel, and zinc. 

German steel was made in charcoal 
forges, melted from the sparry car- 
bonate of iron ; it is now entirely 
superseded by that produced by 
other processes. 

German tinder. Amadou, a species 
of agaric, growing on many trees, 
is boiled in a solution of nitre and 
well beaten, it is then used, under 
this name, as a tinder. 

German School of Painting. In 
early times, a school of painting can 
hardly be said to have existed in 
Germany : it was merely a suc- 
cession of single artists, who de- 
rived their manner from different 
sources. Albert Diirer was the first 
German who corrected the bad 
ta'te of his countrymen : he ex- 
celled in engraving’ as well as in 
painting; his genius was fertile, his 
compositions varied, his thoughts 
ingenious, and his colours brilliant. 
Ilis works, though numerous, were 
finished with great exactness. 

German Yeast. (See Yeast.) 

Germyns, in quatrying , a name given 
to a class of quarn men in the slate 
quarries of North Wales. 

Geropiga or Jerupiga, a liquor 
manufactured in Portugal, and used 
in this country for the sophistication 
of w ines. 

Giallo, Giallolino, Gialdolino, a 
name given by early \vi iters to the 
yellow oxide of lead or massicot. 

Giallo antico, the yellow maible of 
►Sienna, much used in Home for or- 
namental purposes. 

Gib and key, or cotter, the fixed 
wedge and the driving wedge for 
tightening the strap w hi h In Ids the 
brasses at the end < f a connecting-rod 
in steam machinery. 

Gig-machines are drums upon which 
are fixed the teazles for brushing 
cloth 

Gilding, covering with a film of gold 
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any metallic or other surface. Gild- 
ing may be effected in various ways. 
By means of an amalgam of gold 
and mercury : this amalgam is rubbed 
on the surface and heat being ap- 
plied, the mercury is sublimed off, 
leaving pure gold behind. A solu- 
tion of gold in nitro-muriatic acid 
and ether, or etherealised gold, is 
applied to the surface, the ether 
evaporates and leaves a coating of 
gold. Electro-gilding is effected by 
depositing gold from its solution by 
means of the voltaic bath ; or false 
gilding , the application of Dutch 
metal. 

Gimlet, a piece of steel of a cylindri- 
cal form, having a transverse" handle 
at the upper end, and at the other, 
a worm or screw, and a cylindric 
cavity, called the cup, above the 
screw, forming, in its transverse sec- 
tion, a crescent. Its use is to bore 
small holes : the screw draws it for- 
ward in the wood, in the act of 
boring, while it is turned round by 
the handle : the angle formed by the 
exterior and interior cylinders" cuts 
the fibres across, and the cup con- 
tains the core of wood so cut : the 
gimlet is turned round by the appli- 
cation of the fingers, on alternate 
sides of the wooden lever at the top. 

Gin, a machiRe, a pump worked by 
wheels. A horse whim or windlass 
used in raiding minerals. 

Gin, the : this usually accompanies 
the crab in raising large stones. It 
consists of three long stout legs, 
meeting together at the top, and so 
placed that two can be fixed at a 
certain distance from each other by 
means of two iron bars placed hori- 
zontally upon a roller. 

Girasol, a name given b} 7 the French 
to the fire opal. 

Girders, the longitudinal beams in a 
floor. Girders are the chief support 
of a framed floor : tlieir depth is 
often limited by the size of the tim- 
ber, but not always so. Girders of 
wrought and cast iron are now ex- 
tensively used in the construction of 
bridges, to girt railroads, canaL,etc., 1 
and many of them are of consider- 
able span. 

Girouette. (See Epi .) 

Glaire, the white of egg. 

Glance coal, a name given to some 
varieties of anthracite coal. 


Glance lead, a term applied to lead 
ore which has a pseudo-metallic lustre, 

Gland, the pressing piece of a stuffing- 
box of a steam-engine. 

Glass, a transparent non-lustrous 
substance, produced by fusing silica 
with various metallic oxides, more 
especially the alkalis and oxide of 
lead, lhe structure of glass is due 
to a peculiar molecular tension of the 
constituent particles producing what 
is called the vitreous condition ; but 
by continued heating, or even by ex- 
posure for a long time to the ordinary 
action of the weather, it is liable to 
become devi trifled and cloudy from 
the development of crystals in the 
mass. For ordinary purposes glass 
may be divided according to its 
composition into crown glass , which 
is essentially a silicate of lime and 
potash, and is very hard and inalter- 
able, and flint glass or crystal , which 
is heavy and brilliant from contain- 
ing a large amount of oxide of lead. 
Sheet or ivindoic glass is a moderately 
hard and bright gla«s which is blown 
into cylinders which are afterwards 
cut open and spread flat in the flat- 
ting oven. Crown glass is obtained 
in discs by twisting or flashing out 
spherical masses when in a plastic 
state, before the open fire of the 
furnace. Plate glass is made by 
pouring the melted glass or metal on 
a smooth cast-iron table, and passing 
a roller over it to reduce it to the 
proper thn kness ; it is usually 
brought up to a true face by grind- 
ing and polishing. Bottle glass is 
made of the commonest materials, 
and owes its colour to the presence 
of iron in the state of protoxide. 

Glasses superseded small drinking- 
bowls ; they were of Venetian manu- 
facture, and probably first brought 
here in the 16 th century. Earlier 
they do not appear to have been 
used in England ; nor to have come 
into much fashion till the time of 
Elizabeth. 

Glass paper is used for polishing. 
In preparing it paper is first covered 
with thin glue, then the powdered 
glass is dusted over it through a 
sieve. 

Glazersor Glazing wheels : wooden 
wheels charged with emery and used 
for polishing are called by this name. 

Glazing, the art of fixing*glass to the 
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sashes of windows, easement*, etc., 
for the purpose of admitting the 
light of day ; anciently applied to 
the affixing to windows decorative, 
stained, and painted glass. A great 
many beautiful examples exist, in 
this and other countries, of early 
designs, and of examples in the 

cinque-cento style. Is al*o a term 

applied to the finishing of a drawing 
with some thin, transparent, and 
glossy tint, through which the iir*t 
colours appear, and are heightened 
in their effect. 

Glebe, turf, soil; land po**e*sed as 
part of the levenuc of an ecclesiasti- 
cal benefice. 

Glimmer, in mining , mica. 

Glossoeomon, a machine compo=ed 
of several dented wheels with 
pinions, and used for raising great 
weights. 

Glucinium, the metal obtained from 
glucina, an eaithv base oceui ring in 
beryl or enierakf, and analogous to 
alumina. 

' Glue, a tenacious viscid matter, w Iiich 
is used as a cement by cai pouters 
joiners, etc. Glues aie found to differ 
very much from each other in their 
consistence, colour, ta*te, smell, and 
solubility. Some will dissolve in 
cold water, by agitation ; while 
others are soluble only at the point 
of ebullition. The best glue is gene- 
rally admitted to be transient, and 
of a brown yellow colour, without 
either taste or smell. It is perfectly 
soluble in water, forming a viscous 
fluid, which when dry preserves 
both its tenacity and tran-p.uency 
in every part, and has solidity, co- 
lour, and viscidity, in proportion to ; 
the age and the strength of the 
animal from which it is produced. 
To distinguish good glue from bad, 
it is necessary to hold it between the 
eye and the light ; and if it appears 
of a strong dark brown colour, and 
free from cloudy or black spot*, it 
may be pronounced to be good. The 
"best glue may likewise be known by 
immersing it in cold water for three 
or four days, and if it swells power- 
fully without melting, and after- 
wards regains its former dimensions 
and properties bv being dried, the 
article is of the best quality. 

A small portion of finely levigated 
chalk is sometimes added to the 
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common solution of glue in water, 
to strengthen it and fit it for stand- 
ing the weather. \ 

A glue that will re*i*t both IftFfl. 
and water may be prepared by mix- 
ing a handful of quicklime with four 
ounces of lin-eed-oil, thoroughly 
levigated, and then boiled to a good 
thickness, and kept in the shade, on 
tin plates, to dry. It may be ren- 
dered lit for use by bailing it over a 
tire in the ordinary manner. 

Glycerine, a sweet sul stance which 
never dries, extracted from fatty 
matters. It i* n^ed in the manufacture 
of a *oap. It is employed to moisten 
paper, so that it can be printed on 
with dry colours. The receipt stamps 
are so printed. Glycerine never 
freeze*, and is therefore valuable as a 
lubricant. 

Glycerine, Nitro. (See Nitro-gly- 
ccrinc .) 

Glyphography, a kind of engraved 
drawing: thin whitened wax is laid 
on a black topp r plate, and the 
thawing m ide thiough the wax, the 
thickness of the wax being the depth 
of the engraving ; upon this— the 
surface bung properly prepared— a 
deposit of copper is made by the 
elcctroh pe process. 

Glyphs, perpendicular flutings or 
channels u>ul in the Doric frieze. 

Glyptics, the art of engraving on 
picuous stones, or any "other hard 
substance. 

Glyptotheca, a building for the pre- 
servation of sculpture. 

Gneiss, a kind of schistose granite — 
partaking of much of the nature of 
a stranfied rock. 

Gnomon , in dialling, is the style, pin, 
orcock* of a dial, the shadow whereof 
points out the hours. 

Gnomonics, the art of constructing 
sun-dial*. 

Goaf, gob, the waste place in a 
colliery. The refuse that i* left be- 
hind when the work is completed. 
The space from which the coal has 
been removed, and the roof permitted 
to fall in. 

Gobbets, stone* ; a measure or quan- 
tity, so called in the time of Edward 
III. 

Gobbing, ‘to gob up,’ in metallurgy , 
tlie stopping of the blast furnace by 
the agglomeration of the charge 
within it. 
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1 Gobbins, in mining , the hollow por- 
S tions of a coal mine adjoining the 
headings from which coal has been 
extracted. (Leicestershire.) 

Gola, the Italian term for cyma. 

Gold, a well-known valuable metal 
found in many parts of the world. 
The greatest quantity was for- 
i merly obtained from the coast of 
Guinea and from South America. 
The produce of California has been 
enormous of late years, and also the 
produce of Australia. 

Gold occurs, in the metallic state, 
alloyed with several metals, but 
more commonly with silver and 
copper ; and very intimately mixed, 
or possibly in combination, with 
certain minerals, especially iron- 
pyrites and galena or sulphide of lead. 

Gold beaters’ skin, the external 
coat of the coecum of neat cattle, pre- 
pared for the gold-beater. 

Gold leaf, fine gold beaten into thin 
leaves. 

Gold, Mannheim, a brass, used for 
bronzing, etc. 

Gold, Mosaic. (See Mosaic Gold.') 

Gold purple, or Cassius’ purple 
precipitate, the compound oxide 
which is precipitated upon mixing 
the solutions of gold and tin. It is 
not a bright, but a rich and powerful 
colour, of great durability, varying 
in degrees of transparency, and in 
hue from deep crimson to a murrey 
or dark purple: it is principally 
used in miniature painting, and may 
well be employed in enamel painting. 

Gold Talmi or Abyssinian. (See 
Tal mi Gold.) 

Golden marcasite. (See Marcasite.) 

Golden sulphur of antimony, 
golden yellow, is the hydro-sul- 
phuret of antimony, of an orange 
colour, which is destroyed by the 
action of strong light. It is a bad 
drier in oil, injurious to many colours, 
and in no respect an eligible pigment 
either in oil or water. 

Gondola, a Venetian barge much 
ornamented, used in the canals of 
Venice for the convenience of the 
inhabitants : the common dimensions 
are 30 feet by 4 feet : each end *is 
terminated by a yery sharp point, 
which is raised perpendicularly to 
the full height of a man. 

Goniometer, an instrument for mea- 
suring angles and crystals. 


Gossan, an iron ore, commonly of a 
tender rotten substance and of a red 
or rusty iron colour, usually pro- 
duced by the decomposition of the 
sulphide of iron on the back of 
lodes. 

Gothic Architecture, usually so 
called. Both Mr. Britton and Mr. 
Pugin have treated of it by the 
name of ‘Christian Architecture.’ 
(See Architecture.) 

Gouge, in carpentry , an instrument 
like a round hollow chisel. 

Governor, the apparatus for regula- 
ting the supply of steam to the 
cylinder so as to give a constant 
velocity to the engine. It consists 
of two balls suspended from a verti- 
cal »pmdle, and revolving with it : 
the suspending rods are connected by 
arms to a sliding-piece which fits the 
spindle and acts upon a lever at- 
tached to a throttle-valve in the 
steam-pipe : the balls rise by the 
centrifugal force as the velocity in- 
creases, and close the valve: when 
the velocity diminishes, the balls fall, 

and open "the valve. The same 

contrivance is also used for equal- 
izing the motion of mills and ma- 
chinery. 

Governor balls, the solid metal 
balls fixed on the ends of the sus- 
pending rods of the governor. 

Governor (gas). The governor is a 
machine for regulating and equal- 
izing the flow of gas from the gaso- 
meters to the street-mains. 

Cowan, decomposed granite : hut the 
term is applied to the solid rock when 
it i'a soft. (Same as G rowan.) 

Gozzan, oxide of iron. (Same as 
Gorlin.) 

Gradient, the measure of the inclined 
portions of roads or railways. It is 
usually exploded as a fraction of the 
length in England; thus 1 in 250 
signifies a rise or Tail of 1 foot in 250 
feet measured along the line. In 
America it is given in feet per mile, 
and in countries using the metrical 
system, in decimals of the metre. 

Graduation, the division of philo- 
sophical instruments into degrees 
and other minute parts. 

Grain tin, the finest tin smelted. 
(Sec Tin.) 

Grange orGraunge, literally a bam 
— a monastic farming establishment : 
in ancient times it was common to 
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attach farm-houses aud granaries to 
the estates of religious institutions. 

Granite, a stone of great strength, 
hardness, and durability ; much used 
in building: it is a primary and 
unstratified rock, consisting of quartz, 
mica, and felspar, each crystallised 
and cohering, but without any base 

or cement. Aberdeen. Specific 

gravity, 2*625 ; weight of a cubic 
foot, 164 lbs.; is crushed by a force 
of 10 9 lbs. upon a square inch. 
(Uennie.) 

Granulation of powder, the pro- 
cess of reducing the mill cake to 
grains. 

Graphite, plumbago, black lead, 
nearly pure carbon, (See Plum- 
bago .) 

Graphotype. French chalk in 
powder is laid on a zinc plate, 
and subjected to great pressure; upon 
this the drawing is made with sable 
pencils and iuk made of lamp black 
and glue ; when finished the surface 
is rubbed with fitch hair brushes 
until all the chalk between the ink 
lines is removed. The chalk di awing 
is then placed in a solution of sili- 
cate of potash, by which it is ren- 
dered very hard. A copy can now* 
be taken m type metal, or in copper 
by the electrotype process. 

Grapnel, in navigation, a sort of small 
anchor with four or five flukes or 
claws, commonly used for boats 
and small vessels. 

Grate, in mining , a metal plate stamped 
with holes, through which the finely 
pulverised ore is diseh urged from the 
stamps. The holes are arranged so 
that no mineral above a certain 
defined size can pass. 

Gravel, a superficial formation com- 
posed of rounded and unconsolidated 
stones or pebbles. 

Graver, the burin of an engraver ; a 
square piece of steel fixed in a 
handle, and bevelled diagonally at 
the end : an instrument used for 
turning iion, after it has been 
roughed out by the ‘heel tool,’ is 
so called. 

Gravity is that power or force which 
causes bodies to approach each 
other. This universal principle, 
which pervades the whole system 
of nature, may be enunciated as 
follows : the mutual tendency of 
two bodies to each other in- 
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creases in the same proportion as 
their masses are increased, and the 
square of their distance is decreased; 
and it decreases in proportioning 
their masses are decreased, and as 
the square of their .distance is in- 
creased. Gravity is also the force 

wherewith a body endeavours to 
descend towards the centre of the 
earth : this is called absolute gravity 
when the body tends downwards in 
free space, and relative gravity is the 
force it endeavours to descend with 
in a fluid. Terrestrial gravity is that 
force by which bodies are urged 
towards the centre of the earth, 
and it is measured by the velocity 
generated in a second of time. Ex- 
periments show that a falling body 
describes 16 iV feet in one second, 
and it has then acquired a velocity 
of 32$ feet, which is therefore the 
true measure of the force of gravity. 
Gravity generates a velocity of 32$ 
feet in a second in a body falling 
from rest ; space described in the 
first second, 16 A feet. 

Gray colour is the third and last, 
being the nearest in relation of co- 
lour to black. In its common ac- 
ceptation, gray denotes a class of 
cool einerous colours, faint in hue ; 
whence we have blue-gravs, olive- 
grays, green-grays, purple-grays, 
and grays of all hues, in which 
blue predominates ; but no yellow 
or red grays, the predominance of 
such hues carrying the compounds 
into the classes of brown and mor- 
rone. 

Graywacke, a German term (Grau- 
wueke) for a coarse slate ; in geology , 
a secondary rock. 

Grease-cock, a short pipe fixed in the 
cylinder cover of a steam-engine, 
with two stop-cocks inserted at a 
short distance apart, and a funnel at 
the top for holding tallow. When 
the upper cock is opened, the tallow 
falls into the intermediate space ; 
the cock is then closed, and the 
lower one opened for the melted 
grease to enter the cylinder, and 
lubricate the piston without allow- 
ing the strain to escape. 

Great Circle sailing, a system of 
navigation first introduced by Mr. 
John Towson of navigating a ship, 
upon the principle, that the nearest 
path between any two places upon a 
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globe, is by the great circle drawn 
upon it, between them. The nearest 
course between two places on a 
sphere. 

Grebe, a bird found in Central 
Europe, whose plumage is used for 
muffs and trimming for ladies’ 
dresses. 

Green Bice. (See Bice.) 

Green Cloth, the compting-house of 
the Kings’ households, hence ‘The 
Beard of Green Cloth.’ 

Greenhouse, a garden-house for choice 
flowers, etc. 

Green verditer is the same in sub- 
stance as blue verditer, which is con- 
verted into green by boiling it. (See 
Verditer). 

Green ebony wood, imported from 
the West Indies, is used for round 
rulers, turner}', marquetry -work, 
etc.; it is also much used for dyeing, 
and contains resinous matter. 

Green, Scheele’s, an arsenite of 
copper, called after its discoverer 
Scheele, the Swedish chemist. 

Green Sloke, another name for the 
broad green layer, the Ulva latissima. 
(See Laver.) 

Green, Ultramarine. (See Ultra- 
marine.) 

Green Byes. Many of these are pre- 
pared with the salts of copper, some 
are vegetable colours consisting of the 
cblorophyle or green colouring matter 
of leaves. Beautiful greens have 
recently been prepared from the coal- 
tar colours. 

Greenheart wood, from the West In- 
dies, resembles cocoa wood in size 
and bark, and is used for turnery 
and other works. 

Greenstone, a rock of the trap for- 
mation, consisting of hornblende 
and feldspar in the state of grains or 
small crystals. It is called green- 
stone from its colour. 

Grees, steps ; also a staircase. 

Gregorian Chant : Cantus Gregoria- 
nus, Cantus Firmus, Cantus Planus 
or Plenus, in Latin ; Canto Firmo, 
in Italian ; Plain Chant, in French ; 
Plain Chant, in English ; and Choral 
in German. This species of music 
is the most ancient of all, and is 
still the only one properly adapted 
to the ritual services of the Chris- 
tian churches. 

The Gregorian chant consists of 
a few notes, on which the words 


of the Liturgies are recited. The 
earliest specimens in existence con- 
sist of only one or two notes, and 
were used by St. Ambiose,at Milan, 
in the fourth century. The origin 
of this chant is traced to the earlier 
churches of Egypt, Thebes, Pales- 
tine, Arabia, Phoenicia, Syria, etc., 
from whence it was introduced into 
the church of Constantinople by 
St. John Chrysostom. St. Ambros*c 
is said to have brought it into use 
in Milan, ‘ after the custom of the 
inhabitants of the East,’ and from 
Milan it came to Rome ‘long be- 
fore the time of St. Gregory.’ But 
as, in the course of time, various 
mutations had taken place, St. Gre- 
gory, in order to reform and settle 
the music for the church, made a 
compilation of such as was fit for 
its use, and formed the first ritual 
book of music, or Roman Anti- 
phonarium. From the order which 
he gave it, and in consequence of 
this work of Gregory being after- 
wards established in the other (the 
Western) churches, it received the 
name Gregorian. We have very 
little of the music ascribed to Gre- 
gory himself, a specimen of which 
is given by Mr. Spencer in his work 
on the Church modes, and is very 
grand. A portion of the old Gre- 
gorian chant is still used in our 
cathedrals in the so-called ‘into- 
ning the service’ by the minor 
canons and also in the responses by 
the choir, hut in a very mutilated 
form. But in the chanting of the 
prose Psalms, it is almost entirely 
abandoned ; the only specimen (and 
that somewhat mutilated) being 
the grand and well-known ‘Tallis’s 
chant.’ There is a remarkable 
dill’erence between the Gregoiiau 
melodies for the Psalter and Can- 
ticles (and which are called the 
eight tones) and those of a more 
modern date. No such thing as a 
double chant exists in Gregorian 
music, and the ‘ tones ’ are formed 
on one general law ; i. e. a ‘ tone ’ 
consists of one principal note, called 
the Dominant, i.e. the predominant 
or reciting note, upon which the 
principal part of each half-verse is 
chanted, the remainder being in- 
flected in cadences of one or several 
notes revolving (as it were) above 
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and below the dominant, or ter- 
minating on the final of the mode ; 
and it is a law that the reciting 
parts are always (when the tone is 
regular) on the same note, viz. the 
dominant. There are very few 
instances of any deviation from 
this rule. In the modern system 
there seems to be a total absence 
of any rule of this soit, and the 
cadences, both in the middle of the 
verse and at the end, consist of a 
great number of notes, and tlic^e 
of unequal value. Moreover, in the 
Gregorian chant no attention is 
paid to time ; it is regulated entirely 
by emphasis and syllabic quantity, 
not by time and accent, as in mo- 
dern chanting. On Sundays and 
the greater festivals it is a rule to 
commence the ‘tone’ with a few 
preliminary notes, called the into- 
nation, which serve as an inclina- 
tion, or induction to the dominant, 
or reciting note: on other occa- 
sions, the^c initial note's arc not 
used. For specimens of the adap- 
tation of these Gregorian tones or 
chants to the canticleq etc., of the 
English church, see the ‘ Hymnal,’ 
by Mr, Spencer. 

Grenadilla, Granillo, or Grenada 
Cocus, is something like the wood 
of the common Cocoa, blit at first it 
is a lighter colour, though it becomes 
darker from exposure. It grov/t, in 
the West Indies, and is called red 
ebony by French cabinet-makeis. 

Greut, or Grit, a formation consist- 
ing of sandy, rough, hard, earthy 
particles. 

Grey Dyes: these arc mostly pre- 
pared from the salts of iron and 
gall nuts. A grey is now prepared 
from aniline. 

Griddle, in mining, a large wire sieve, 
used instead of a hurdle, for sifting 
and sorting copper ore ns it rises 
from the mine. 

Grindstone, a cylindrical stone, on 
which, being turned round its axi*, 
edge-tools are sharpened by apply- 
ing their edges to the convex sur- 
face. 

Gripe, the lower part of the knee of 
the head that connects with the fore- 
most end of the keel of a vessel. 

Grisaille, a style of painting repre- 
senting solid bodies in relief, such as 
friezes, mouldings, etc , by means of 


a mixture of black and white pig- 
ments, producing gray tints. 

Gris-perle, a grey dye produced bv 
the action of sulphuric acid on ani- 
line violet. 

Grit, coar-c sand ; rough hard par- 
ticles of sandstone. Millstone grit. 
(See Gieut.) 

Groin, the angle formed by an inter 
section of vaults : most of the vaulted 
ceilings of the buildings of the mid- 
dle ages were groined, and therefore 
called groined ceilings. During the 
early part of the Norman style the 
groins were left purposely plain, but 
aftci wards they were invariably 
covered with ribs. 

Groined arches. (See Arches , 
Grimed, and Arched Vaults.') 

Groins, in coast engineering, a groin 
is a frame of wood-work, constructed 
across a beach, between high and 
low water, perpendicular to the 
general line of it, either to retain the 
shingle already accumulated, to re- 
cover it when lost, or to accumulate 
mi ne at any particular point; also 
to break and check the action of the 
wave". 

The component parts of a groin 
aie pile.*, planking, land-ties land 
tie-bars block", tail-piles, and keys 
and screw-bolts. 

The length of a groin depends on 
the extent, and the requisite strength 
of its component parts on the nature 
of the beach on which it is to be con- 
structed. The groins at Eastbourne, 
on the coast of Sussex, of which the 
following is more particularly a 
description, are from 1 30 to 250*feet 
in length, and the beach at that 
place being very rough, consisting 
of coai sc heavy shingle and large 
boulders, they require to be composed 
of proportionally strong materials to 
rc>i"t its force. 

The piles are from 12 to 25 feet 
long, and S by 6 A inches scantling, 
shod with iron. 

The planking is in lengths of 8, 
12, and 1G feet, 2£ inches thick, and 
with parallel edges. 

The land-ties are of rough timber 
from 20 to 25 feet long, and large 
enough at the butt-end to receive 
the bars. 

The land tie-bars are 13 ft. C in. 
long, and 12 by 5 in. scantling. 

The land tie-bar blocks are about 



CrRO 


GROINS. 


GAO 


2 feet long, and of the same scantling 
as the piles. 

The land-tie-tail-kevs are about 
2 feet 6 inches long, ’and 6 by 2 h 
inches scantling. 

The above materials are of oak or 
beech. 

The screw-bolts are of inch round 
iron, 2 feet inches and 2 feet 14 
inch long, in equal proportions. 

The relative proportions of the 
component parts are, four piles, one 
land-tie with tail-piles and keys, one 
land tie-bar with two blocks, two 
long and two short bolts, about 180 
square feet of planking, and about 
140 six-incli spikes for every 17 feet 
in length ; and the expense of a 
groin, constructed with materials of 
the above dimensions, may be calcu- 
lated at about £30 for the same 
length. 

When the object, in constructing 
a groin, is to recover shingle, or ac- 
cumulate more, the first pile is driven 
at the high-water mark of neap- 
tides, leaving its top level with that 
of spring-tides. The next is driven 
at the point, on the sands, beyond 
the bottom of the shingle, to which 
the groin is to extend, leaving about 
4 feet of it out of the beach. 

The tops of these two piles may be 
taken for the general slope of the 
groin, unless the beach should be 
very steep, and much curved, in 
which case it becomes necessary to 
follow its curvature in some degree. 

From the high-water mark of 
neap-tides, the piles are canied back 
nearly hvel to that of spring-tide*, 
and as much further as may be con- 
sidered necessary. 

The piles are driven 4 feet asun- 
der from centre to centre, and so as 
to admit the planking between them 
alternately, and they should be sunk 
about two-thirds of their length. 

The longest piles are placed be- 
tween the high-water mark of neap- 
tides and the bottom of the shingle, 
particularly from 20 to 40 feet below 
the former’ point. 

The planking is, if possible, car- 
ried down to about two-thirds from 
the tops of the piles, and kept pa- 
rallel with them. 

The land-ties are placed about 
one-third from the top of the plank- 
ing (supposing the latter to com- 


mence from the tops of the piles), 
and their tails are sunk to the level 
of the bottom of the planking, or as 
nearly so as possible. 

Grolier scroll, a style of ornamen- 
tation which takes its name from 
Chevalier Jean Grolier, -who adopted 
this style of decoration for book-bind- 
ing ; it is a scroll embracing curved 
lines, half circles, and angles, after 
the style of tlie * strap work ’ of the 
sixteenth century, except in the 
addition of foliations. 

Groove, in mining, the mine or work, 
in Derbyshire, m which a miner or 
groover is employed. 

Grote;?que. This term, which is now 
familiar among all the lovers of the 
art of painting, was by the Italians 
appropriated to that peculiar man- 
ner of composition and invention 
observed among the antique mo- 
numental paintings which were 
discovered in the subterraneous 
chambers that had been decorated 
in the times of the ancient Romans ; 
and as the Italians apply the word 
Grotto to express every kind of 
cave or grot, all paintings which 
were in imitation of the antique 
designs discovered in those cham- 
bers. which for ages had been 
covered with ruins, are grotesqued 
or grotesque, which is now applied 
to English subjects of a quaint and 

anomalous character. A name 

given to the light and fanciful 
ornaments u^ed formerly to cha- 
racterise persons and things. 

Grotto, a natural or artificial cavern 
or cave. 

Ground, in mining , the strata con- 
taining the mineral lode, or coal seam; 
also called ‘ The Country.* 

Ground bailiff, the man who has the 
supervision of a colliery in South 
Staffordshire. The butty. 

Ground-plate or ground-sill, the 
lowest plate of a wooden building 
for supporting the principal and 
other posts. 

Grounds or Priming, the substance 
used to cover the canvas or panels, to 
render them fit for painting on. 

Grounds, pieces of wood fixed to 
walls and partitions, with their sur- 
faces flush with the plaster, to 
which the facings or finishings are 
attached. 

Ground table stones, the projecting 
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course of stones in a wall above the 
plinth. 

Ground-ways, large pieces of timber 
laid across a ship or dock, and 
upon which the blocks are placed. 

Groundwork, in painting, that colour 
or part on which all the images 
are drawn. 

Grouping is the combining or joining 
objects in a picture for the satis- 
faction of the eye. and also for its 
repose ; and although a picture may 
consist of different groups, yet 
those groups of objects, managed 
by the chiaro-oscuro, should all 
tend to unity, and one only should 
predominate.' 

Grouting : when a thick wall of rubble 
masonry is built in successive courses 
with all the stories at fir>t laid dry, 
and quicklime slaked with excess of 
water, either with or without sand, is 
poured in a liquid state into the mass 
of dry material, the work is said to 
be grouted. 

Growan, in mining , decomposed 
granite. ‘ Soft growan J commonly 
applied to any decomposed gritty 
rock. 

Growan lode, any lode which abounds 
with rough gravel or sand. 

Growth of Water, in mining , the ac- 
cumulation of water in the levels of 
a mine. 

Gruffs, the worst pieces rejected in the 
manufacture of black lead pots. 
These are coarse, harsh, gritty and 
deficient in lustre. 

Guag (Cornish). Tinners, holeing into 
a place which has been wrought 
before, call it holeing in guag. 

Guano, a remarkable deposit found in 
the islands off the coast of Peru, and 
of Africa. It appears to be the ex- 
creta of, and the remains of, birds. It 
is a valuable manure ; we are im- 
porting nearly oUU,000 tons annu- 
ally. 

Guava, the pulpy fruit of a kind of 
pear. There is the apple-fiuitedand 
the pear-fruited guava. 

Guazzo, a distemper painting used by 
the ancients; it is very hard and 
durable ; and the vehicle being egg, 
gum, or glue, resists the action of 
damp, and preserves the colours 
completely. 

Gudgeon, the iron pins fixed in a 
beam or wooden shaft for bearings. 

Gudgeons, in ship-building , are eyes 


driven into the stern-post, to hang 
the rudder on. 

Guide-blocks, pieces of metal with 
parallel sides, fitted on the ends of 
a cross-head of a steam-engine, to 
slide in grooves in the side frames, 
and keep the motion of the piston- 
rod in a direct line. 

Guilloche, an ornament used in clas- 
sical architecture, formed by two or 
more intertwining bands. 

Guimets ultramarine, a factitious 
pigment of an azure blue colour, 
composed of alumina, sulphur, soda, 
and a very small portion of iron. It 
is transparent and durable. 

Guipure, a lace made in Limerick by 
cutting out the patterns from cam- 
bric, and making in the open part 
stitches to resemble ancient lace. 

Gulf of ore : in mining , a lode which 
throws up very great quantities of 
ore, and proves lasting and good in 
depth, is so called. 

Gumption, a nostrum used by artists 
in the place of the supposed ‘lost 
medium ’ of the old masters ; it may 
be made either of drying linseed oil 
and mastic varnish, or simple linseed 
oil and sugar of lead. 

Gum, British, torrified starch. (See 
Dextrine.') 

Gum elastic, caoutchouc or india- 
rubber, which see. 

Gum Resins, the concrete juices of 
several plants, such as Olibanum, 
Frankincense, Opoponax, etc. Some 
of them are used in the arts. 

Gum lac. (Sec Lac Lake.) 

Gum wood, or blue gum wood, is 
the produce of New South Wales, 
sent over in large logs and planks, 
similar to dark Spanish mahogany : 
it is used in ship-building, etc. 

Gun-boats, small ships to carry, 
usually, one gun of great power. 
They are always steam vessels, and 
were first made in this country with 
condensing engines, but of late a 
few have been made with non-con- 
densing or high-pressure engines, 
which latter kind are found more 
convenient where fresh supplies of 
fuel can be readily supplied. 

Gun-cotton : if to ordinary cotton 
nitrogen can be added, we have the 
explosive cotton so called. (See 
Cotton , Gun.) 

Gun-metal, a bronze usually com- 
posed of copper, tin, and zinc. A 
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mixed metal, an alloy of copper and I 
tin. 

P .i. — c parts, tin 

1). ■ ; weight 

of weight of 

a bar 1 foot long and 1 inch square, 
3*54 lbs. (Tredgold); expands in 
length by 1° of heat 99^ (Smeaton); 
will bear on a square inch without 
permanent alteration, 10,000 lbs., 
and an extension in length of ; 
weight of a modulus of elasticity, for 
a base 1 inch square, 9,873,000 lbs.; 
height of modulus of elasticity, 
2,790,000 feet ; modulus of resilience, 
and specific resilience, not determined 
(Tredgold). Compared with cast iron 
as unity, its strength is 0*65 ; its 
extensibility, 1*25 ; and its stiffness, 
0*535. 

Gunnios, in Cornish , a term applied 
to breadth or width : single gunnies 
are 3 feet wide. 

Gunny cloth, the coarse sacking 
made in India, used for the bags to j 
contain rice, spices, etc. 

Gunter’s chain, the chain in common 
use for measuring land : the length 
of the chain is 0G feet, or 22 yards, 
or 4 poles of yards each ; it is 
divided into 100 links of 7*92 inches 
each. (See Acre.) 

Gunwale, or gunnel, in ship-build- 
ing , the piece of timber which reaches 
on either side of the ship from the 

half-deck to the forcastle. The 

plank that covers the heads of the 
timbers between the fore and main 
drifts. 

Gussets, as understood in mechanical 
construction, are brackets or angular 
pieces of iron, to strengthen, to keep 
steady, and support a structure. — In 
the construction of the rectangular 
covered openings of the Britannia 
and Conway iron bridges, gussets 
are used extensively in the interior, 
consisting of double triangular plates 
riveted to the bottom and sides of 
the plates of the bridge, as a series 
of brackets (and at the top and 
either side also,) to aid to the 
strength and durability of these 
extraordinary works, and as a 
counter-effort to the tendency of 
strain on the lower sides to separate 
or open the joints, and on the upper 
side to force them closer together. 

Gusto, a term used by the Italians, 
signifying taste in the design of the 


attitudes, good arrangement, and 
composition of a picture. 

Gut tee, ornaments resembling drops, 
placed in the epistylium of the Doric 
order below the triglyphs. They 
occur likewise in the under face of 
mutules in the Doric corona. They 
are supposed to have originated from 
the intention to represent drops of 
water running off the roof, adhered 
to the under surface of the canterri 
or rafters of early buildings. 

Gutta Percha, strictly gntta tuban. 
This substance is produced from 
several kinds of trees growing in the 
Islands of the Indian Archipelago. 
The true gutta-percha tree is the 
Isonandra gutta of Hooker. The 
natives obtain the milkyj uice by the 
destructive process of cutting down 
the trees, w r hereas, by a judicious 
system of bleeding at proper periods, 
the trees might be preserved for years. 
This substance, when fresh, is of a 
dirty white colour and of a leathery 
feel. It dissolves in naphtha, coal- 
tar, and turpentine : and in this form 
is used for coating electric wires, and 
for many purposes of manufacture. 

Gutta Tuban. (See Gutta Percha.) 

Gybing, in navigation , the shiftingof 
any boom-sail from one side of the 
mast to the other. 

Gymnasium, a public building used 
by the Greeks for the practice and 
exercise of gymnastics, or muscular 
development ; also a place, according 
to Vitruvius, for amusements and 
scientific recreation. 

Gynseceum, in Greek architecture , 
the apartment of the females in the 
interior of the house ; the nursery. 

Gypsoplaste, a cast taken in plaster 
of Paris or white lime. 

Gypsum, sulphate of lime, called 
also plaster of Paris. 


H 


Hacking, a process used in preparing 
grinding-stones. 

Hackle, a flax comb. 

Hackle or Heckle (to), in spinning 
flax or hemp, to comb it. 
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Hackling machine, a flax combing- 
machine. 

Hackmatack, the American larch, 
used for making shingles for roofing. 

Hade of veins is the mining-term 
for that inclination which nearly all 
veins have from a perpendicular 
direction. Thus a vein is said to 
hade to the noi th when it inclines 
towards north, and to hade to the 
south when the incline is south- 
ward. 

Hadeing, in mining, the angle made 
by a vein with a vertical line from 
the surface. 

Hffimatein, the colouring matter of 
the dye-drug logwood. 

Haematite, oxide of iron as found in 
nature. There is the red oxide of 
iron, found in the vicinity of Liver- 
stone and of Whitehaven, and the 
brown oxide of iron, which is abund- 
antly scattered over this country. 

Hagioscope. (See Squint .) 

Half-bloom, a round mass of metal, 
which comes out of the fining of an 
iron work. 

Half-pace, or Haute-pace, a raised 
floor in a bay window. 

Half-timbered houses : this mode 
of constructing domestic buildings 
was practised in England and on 
the Continent during the leigns of 
Henry Till, and Elizabeth. It was 
peculiai l v of a picturesque character; 
the foundations and principal sup- ' 
ports were of stout timber, and the 
interstices of the fronts were tilled 
with plaster. In many cas._». the 
ornamental timber framing was of a 
dark-colour, which, with the barge- 
board gable, gave the whole an 
exceedingly interesting appearance. 
There are yet remaining tome very 
fine examples in England, particu- 
larly in the western and north-west- 
ern counties. 

Half-timbers, in ship-building , those 
timbers in the cant-bodies which are 
answerable to the lower futtocks in 
the square body. 

Haliotis, the sea-ear shell, a class of 
molluscous animals. The peaily 
lining of these shells are much u»ed 
in the ornamentation of papier-mache' 
manufactures. 

Hall, the principal apartment in the 
domestic houses of the middle ages ; 
a place of assembly ; a spacious 
building attached to inns of court. 
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Halliards, in navigation , the ropes or 
tackles usually employed to hoL-t 
or lower any sail on its respective 
mast. 

Hallyings, the hangings of a hall. 

Hal vans, in Cornish , the refuse ore. 

Haly-work folk, people who hold 
land for repairing or defending a 
church or tombs, on which account 
they were freed from feudal and 
military service. 

Ham ( Saxon), a hou=e, home, farm, 
nr village. 

Hamburg lake is a colour of great 
power and depth, rather purplish, or 
inclining to crimson: it dries with 
extreme difficult}', but differs in no 
other essential quality from other 
cochineal lakes. 

Hamlet, a street or village, a dwell- 
ing place. 

Hammer-beams, horizontal pieces 
of timber, frequently used in the 
roofs of old English buildings, in 
pairs vn the opposite sides of the 
same roof ; often ubed aEo in the 
principals of Gothic roofs to strength- 
en the framing and to diminish the 
lateral pressure that falls upon the 
wall*. 

Hammer-man, in metallurgy , French 
Jlaillc, one who has charge of all 
that relates to the mechanical treat- 
ment of iron by the hammer. 

Hammer-mill," a foige. 

Hammer-slag, in mttallurgy % tl\e coat- 
ing of oxide of iron formed on iron 
by heat which ib removed by ham- 
mering the metal when cold." ‘It is 
black, opaque, slightly metallic in 
lustre, m-ltb at a h'gh temperature, 
and ib stionglv magnetic/ — Perry , 

Hances, in architecture , ends of ellip- 
tical arches, which are arcs of smaller 
circles than the scheme or middle 
part of the arch. 

Hand-brace, a tool for boring, con- 
sibting of a cranked spindle, at one 
end of w hich a bioart head or breast- 
plate ib attached by a swivel, so that 
it mav lemain stationary while the 
crunk is turned ; at the other end is 
a >nekel, into which a drill can be 
fixed. 

Hand-drilling machine, a small 
drilling machine turned by manual 
labour. 

Hand-float, a piec* of wood, similar 
in shape to a trowel, w hich is used 
to rub down the tin idled work arid 
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make it solid, smooth, and even : a 
cork float is used upon surfaces which 
are to receive a high degree of polish 
with the trowel. 

Hand-gear, in a locomotive engine , 
the handles of the working gear, 
placed conveniently to the foot-plate 
so as to be within reach of the engine- 
man when he requires to use them 
for regulating different parts cf the 
engine. 

Hand-hook, an instrument made by 
smiths to twist square iron. 

Hand-jack, a portable mechanical 
power for elevating the end of a 
block of stone or piece of timber, to 
allow the rollers to be put underneath. 
The power is obtained by a lack and 
I pinion placed in a block of wood 
f about 30 inches long, 10 inches 
broad, and 6 inches wide. 

Handle, the shaft or helve of a pick 
or mallet. 

Hand-levels, in mining , levels in 
Yorkshire, about 4 feet in height and 
3 feet in width, giving just room 
enough for a man to pass through 
in a constrained position, pushing 
before him a little waggon called a 
‘driving waggon.’ 

Hand-pump, in a locomotive engme } 
the pump placed by the side of the 
fire-box, to be worked by a hand- I 
lever when the engine has to stand | 
with steam up. 

Hand-railing, in a locomotive engine , j 
the railing along the sides of the 
engine, to protect persons passing to | 
the front of the engine for any neces- 
sary purpose. 

Hand-saw, a saw 20 to 20 inches in 
length, with a handle at one end ; 
used for the common wurk of sawing 
stuff of moderate thickness. 

Hand-screw, a jack, an instrument 
for raising heavy timber. 

Hand-spike, a wooden lever for mov- 
ing heavy things. 

Hand- vice, a small vice which is 
held in the hand. 

Harbourage, shelter or entertain- 
ment. ‘Crave harbourage within 
your city walls.’ — Shaktpeare. 

Hard, a term applied to the rigid 
style of drawing adopted by mediae- 
val arti>ts or to a want of softness 

* and delicacy in works of art. It is 
abo applied to the too rigid style of 

art which rejects the graces. 

Also Hardy a landing place for boats, 


etc., so constructed that the mud 
is avoided when the tide is low. 

Hardening, the process by which 
metals are rendered harder than 
they were when they left the work- 
man’s hand. Some are hardened by 
hammering, some by sudden cooling. 
(See Tempeiing .) 

Hardness, by the hardness of bodies 
tlieir mineralogical character is deter- 
mined. The following are the typi- 
cal minerals given in the order of 
their hardness. 1. Diamond. 2. 
Sapphire. 3. Topaz. 4. Quartz. 5. 
Feldspar. 0. Apatite. 7. Fluor Spar. 
<s. Calcite. 9. Gypsum. 10. Talc. 

Hardware, articles manufactured 
from any of the common metals. 

Hardwood. (See Wood.') 

Hare wood. (See Sycamore.') 

Harmony is the general accordance 
of the objects in a painting with one 
another, and their subordination to 
the principal object ; so that all 
unite to constitute a pleasing whole. 
It is effected by a due combination 
of lights and shades, by the union 
of colour, or by such contrasts as 
are s-utlicicnt to relieve the distant 

groups. 

Harmony of colours. The arrange- 
ment of colours accenting to a 
fixed natural law. It is so piinci- 
pal in painting, that it has its rules 
founded on science and reason. With- 
out the study of the laws of chro- 
matic harmony, it is impossible 
that youth cian acquire a good 
taste in colouring. 

Harpings, pieces of oak which hold 
the timbers of the fore-and-aft cant- 
bodic» till a ship is planked. 

Hassock, a sandstone pioduced in 
the quarries of the Kenti-h Rag- 
stone, iiM?d in building the interior 
walls of churches. 

Hatches, the coverings for the hatch- 
ways of a ship, made with ledges, 
and laid with oak or deal, and 

caulked. Flood-gates in a nver 

to stop the current of the water. 

Hatching is shadowing with a black- 
lead pencil or pen ; it is done either 
in straight lines or zigzag strokes, 
such as are seen in pencil drawings, 
or in pencilled backgrounds. It is 
used bv engravers in etching. 

Hatchways, places in the middle of 
the decks of a vessel, for the conve- 
nience of lowering down goods. 
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Hauling, in mining , the quantity of 
coa] raised by one hauling of the 
winding engine. 

Haul tlie wind, in navigation , to 
direct the ship’s course nearer to the 
point of the compass from which the 
wind blows. 

Haunch of an arch, the part between 
the vertex and the springing. 

Hawker, a vessel built like a pink, 
but masted and rigged like a hoy. 

Haws, in Domesday Book, mansions 
or dwelIing-hou 5 es. 

Hawse, in navigation , the situation of 
the cables before the ship’s stern 
where she is moored with two an- 
chors forward from the starboard and 
larboard bow. 

Hawse-pieces, the timbers in the 
bow of a ship whose sides are nearly 
parallel to the middle line. 

Hawthorn, a wood not much used ; is 
hard, and of a whitish colour, with a 
tinge of yellow. 

Hayessine, a borate of lime found on 
the west coast of South America, 
used in glass-making. 

Hazel, a small underwood, which is 
very elastic, used for turning, for the 
handles of blacksmiths’ chisels, for | 
the hoops of casks, etc. 

Heading or Hpbrow, in mining , the 
end of a drift in a coal seam — the 
working on the coal seam driven to- 
wards the rise, or driven in a diago- 
nal direction to the rim of the seam. 

Head-ledges, the thwartship pieces 
which frame the hatch-ways or lad- 
der-ways of ships. 

Head-stocks, the frames which sup- 
port the centres of a lathe ; viz. the 
mandril-frame and the poppet-head, 
or back centre frame. 

Head-tin, tin-ore carefully prepared 
for working into metal. The clean- 
est black tin. 

Headers, in masonry , stones extend- 
ing over the thickness of a wall ; 
and in bricklaying, the bricks which 
are laid lengthwise across the thick- 
ness of the wall are called headers. 

Heads, tiles which are laid at the 
eaves of a house. 

Healing, or Hailing, the covering a 
roof with lead, tin, slates, etc. (See 
Hei!.') 

Health of Towns, a phrase coined 
to express the general purpose of 
public sanatory measures. These 
measures are based upon the prin- 
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ciples of animal physiology and upon 
statistical enquiries into the causes 
of disease ; they are therefore now 
properly regarded as essential ob- 
jects in the social economy of life. 

The human constitution is so 
formed that its health depends on an 
adequate supply of pure air, water, 
and light. Every circumstance, 
therefore, which vitiates the quality, 
or reduces the due quantity, of these 
essentials, is injurious to health, 
and demands amendment or extinc- 
tion. 

Thus the efficient supply of pure 
air requires proper drainage and 
ventilation, warming or cooling 
of all places in which human beings 
live or congregate : it also limits 
the minimum of size for the healthy 
habitations of men. 

The plentiful supply of pure water 
necessitates suitable provision for ob- 
taining and treating it, and the pro- 
scription of all arrangements which 
limit the service or injure its purity. 
Equally important with these con- 
ditions is the third one enumerated, 
which suggests the necessity of so 
arranging and constructing streets 
and buildings, that abundance of 
light and pure air may at all times 
be admitted into them. 

Hearth, in metallurgy , the lower 
portion of a blast furnace; *it is 
fat at the bottom, and opens 
towards the front or fore-part of the 

furnace.’ — Percy. In charcoal 

jinery, an open fire urged by a blast 
of air, with charcoal as the fuel, 
used for converting cast into mal- 
leable iron. 

Hearth-bottom, in metallurgy , the 
sandstone, usually a grit or coarse 
variety, used as the bed of the blast 
furnace. 

Hearth-cinder. The fused mass, the 
slag, found on the finery-hearth. 
(See Slag.) 

Heat, in the ordinary application of 
the word, signifies, or rather implies, 
the sensation, experienced upon 
touching a body hotter, or of a 
higher temperature, than the part or 
parts which we bring into contact 
with it : in another sense, it is used 
to express the cause of that sensa- 
tion. 

Heat is often treated of as if it 
were a material substance ; but, like 
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light and electricity, its true nature 
has yet to be determined; but the 
received hypothesis of the present 
day is that heat is the result of 
motion — either the motion of the 
[particles of matter themselves or the 
motion of ether — supposed to be 
matter of infinite tensity which in- 
i' i terpenetratcs all matter. 

COMMUNICATION OF HEAT. 
u Heat passes through different bo- 
ll dies with ditteren t degrees of velocity. 
jP' ‘This has led to the division of bodies 
into conductors and non-conductors 
gt/of heat : the former includes such 
|j|£ bodies as metals, which allow heat 
| to pass freely through their sub- 
f stance; and the latter comprises 
those that do not give an easy pas- 
sage to it, such as stones, glass, 
wood, charcoal, etc. 

Tables of the relative conducting 
power of different bodies . 


Gold . 
Platinum 
Silver 
Copper 
Iron . 
Zinc . 
Tin . 
Read . 
Marble 
Porcelain 
Fire-brick 
Fire-clay 


Water 
Pine . 
Lime . 
Oak . 
Elm . 
Ash . 
Apple 
Ebony 


1000 

981 

973 

898 


33 

32 

31 

28 

22 


Lamp-black . , 

1-117 

Cotton 

1-046 

Lint . 

l*Uo2 

Charcoal . 

*937 

Ashes (wood) 

•927 

Sewing silk 

•917 

Air .... 

•576 

Relative conducting power 

of fluids. 

Mercury 

l-ono 

Wat. r 

*357 

Proof Spirit 

•312 

Alcohul (pure) . 

•232 


Relative conducting power of dif- 
ferent substances compared with 
each other. 


Hares’ fur . 
Eider-down 
Beavers’ fur 
Raw silk 
Wool . 

L 


1-315 

1*305 

1*296 

1-28-1 

1*118 


RADIATION OF HEAT. 

When heated bodies are exposed 
to the air, they lose portions of their 
beat, by projection in right lines 
into space, from all parts of their 
surface. 

Bodies which radiate heat best, 
absorb it best. 

R idiation is affected by the nature 
of the surface of the body: thus 
black and rough surfaces radiate and 
absorb more heat than light and 
polished surfaces. 

Table of the radiating power of 
different bodies. 


374 

Water 



100 

363 

Lamp-black 



100 

304 

Writing-paper 



100 

180 

Glass . . 



90 

24 

Indian ink 



88 

12-2 

Bright lead 



19 

11 

Silver 



12 

11-4 

Blackened tin 



100 


Clean do. 



12 


Scraped do. 



16 

rd. 

Ice 



85 

10 

Mercury . 



20 

39 

Polished iron 



15 

39 

Copper 



12 


Heave, in mining, displacement of the 
strata or mineral vein by a disloca- 
tion. 

Heaven, in the Table of Symbols of 
the early ages, is symbolised by the 
segment of a circle, sometimes of 
blue or of the three colours of the 
rainbow; the Universe by a globe 
of blue. 

Heavy spar, sulphate of baryta, 
called in Derbyshire cawk. 

Hedgehog, a machine used for re- 
moving mud in rivers, or the accu- 
mulation on the land side of sea 
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sluices. It is made like a garden 
roller, around the outside of which 
are horizontal ribs, each of which 
is armed with spades or hoes firmly 
fixed by bolts. The cylinder re- 
volves on pivots in gudgeons, and in 
revolving it disturbs a vast quantity 
of mud, which the stream carries 
away. 

Heel tool, a tool used by turners for 
roughing out a piece of iron, or 
turning it to somewhat near the 
intended size : it has a very acute 
cutting edge, and an angular base or 
heel. 

Heighten, to heighten is to make a 
tint lighter and more prominent by 
placing a light opaque colour over it. 

Height of columns. The height of 
a column is properly measured by its 
diameter immediately above the base. 

Diameters high. 

The Tuscan column . 7 
The Ionic ... 9 

Corinthian and Composite 10 

In the above heights are included 
the capitals and bases, which are 
esteemed parts of the columns with 
which they are u 3 c*d. 

Heights and Distances. Trigo- 
nometry receives its principal practi- 
cal application in the operations of 
surveying, and measuring heights 
and distances ; as, however, the me- 
thods of its application (depending 
on the peculiar circumstances of 
each easel are exceedingly various, 
no general rules can be specified. 

The instruments employed to mea- 
sure angles are quadrants, sextants, 
theodolites, etc., the use of either of 
which may be sooner learned from 
an examination of the instruments 
themselves than from any descrip- 
tion independently of them. For mili- 
tary men and for civil engineers, a 
good pocket sextant and an accurate 
micrometer attached to a telescope 
are highly useful. For measuring 
small distance*, as bases, 50-feet and 
100-feet chains and a portable box 
of graduated tape will be necessary. 

For the purposes of surveying, it 
is usual to employ a chain 66 feet 
in length, subdivided into 100 links, 
each 7*92 inches : the reason for 
using a chain of this length is, that 
ten of such square chains are equal 
to an acre, and therefore the acreage 
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' of the several divisions of an estate 
is found with much greater facility 
when measured in chains and links, 
than when the measurements are 
taken in feet. 

Heil, or Hail, to cover, to tile. Wat 
Tyler was called Wat the Heiler. 
In the West of England slates 
are still often called heilings and 
the slaters hellers. 

Heiver, in mining , a cutter of coals. 

Heliocromy, a piocess of photo- 
graphy by means of which it was 
hoped pictures would have been ob- 
tained in the natural colours of the 
objects represented. Although Sir 
John Herschel and Niepce de Sainte 
Victor made some approaches to this, 
they w r eie never entirely successful. 

Heliography, a process of photo- 
graphy discovered by Nicephore 
Niepce, in which resin is spread upon 
steel or glass plates. The parts ex- 
posed to the light are rendered more 
soluble than those in shade; and 
hence, when removed by the use of 
ether or other spirituous solvent, leave 
the plate bare. This process was used 
to prepare steel plates for etching. 
It is not now used. 

Helioscope, a telescope fitted espe- 
cially for observations on the sun. 

Heliostat, an instrument used for 
maintaining the reflected image of 
the sun in a perfectly stationary 
position for some time. 

Heliotrope. (See Bloodstone .) 

Helix, the small volute under the 

abacus of a Corinthian capital. 

Anything of a spiral form, whether 
in one plane, as the spiral curve, or 
in different pianos, as the screw. 

Hematosin, the red colouring matter 
of blood, sold in a dry state for tho 
manufacture of Prussian blue. 

Hemlock spruce forms a large pro- 
portion of the ’ evergreen forests of 
New Brunswick, and is abundantly 
multiplied in every favourable situ- 
ation. The wood of the hemlock 
spruce is firmer than that of the 
white June; although coarser- 
grained, it gives better hold to nails, 
and offer* nsoic resistance to the im- 
pression of other bodies. 

Hemp, a plant, Cannabis satira, cul- 
tivated for its fibre. 

Hepar, a name applied by the older 
chcmi'ts to*ome of the compounds 
of sulphur. 
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* patic air, sulphuretted hydrogen 

ptagon, in geometry, a figure with 
iven sides or angles, 
raldry i * a science intimately con- 
ected with the early history of 
lurope, its chivalry, its conquests, 
nd the bearing of arms : it teaches 
£ now to blazon or explain in proper 
$ terms all that belongs to arms ; and 
;^how to marshal or dispo.e with ex- 
I treme punctualness divers arms on a 
W field. It is in its archaeology and in 
f precedent indisputable. It teaches 
I whatever relates to the marshalling 
■ of solemn processions and other pub- 
, lie ceremonies, at coronations, instal- 
lations of Knights of the Garter, 
Knights Grand Cross of the Bath, 
Knights Companions, etc. ; at the 
creation of peers, nuptials, christen- 
ings of princes, funerals, etc. It is, 
in fact, an important science, particu- 
larly in English history, in tracing 
the narrative of the families ot the 
nobility and commoners, their hold- 
ings, their distinguishing qualifica- 
tion in arms, in literature, and in 
the arts. 

Hernia or Alkerma, the herb used 
for dyeing the nails in the East. 
Hermae, statues of which only the 
head is carved, and sometimes a por- 
tion of the bust : square or cubical 
figures of the god Mercury, without 
legs and arms, anciently placed by 
the Greeks and Homans at their 
cross-ways. 

\ Hermetical seal. Hermes was the 
' * - mythical parent of chemistry, which 
was long a closed science, a mystery. 
The term is now used to express the 
closing of anything against the ac- 
tion of the air. 

Heroic, a term given in art to figures 
larger than life but not so large as 
gigantic or colossal. 

Herring-bone work, masonry in 
which the stones are laid aslant in- 
stead of being bedded flat. 

Herse, a portcullis; a frame whereon 
lighted candles wore placed at the 
obsequies of distinguished persons. 
Heterogeneous, opposite or dissimi- 
lar in nature, as opposed to homo- 
geneous. 

Hewns, in Cornwall , the sides of a 
caleiner or burning-house furnace ; 
so called from their being formerly 
built with hewn moor-stone. 
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Hexagon, in geometry , a figure of six 
sides or angles. 

Hexahedron, in geometry, one of the 
five regular solid*, being the same 
with a cube. 

Hexastyle, a portico of six columns 
in front. 

Hexastylos, a frontage of six co- 
lumns. 

Hexeres, a vessel with six banks of 
o il’s on each side. 

Hiatus, an aperture, a breach or defect. 

Hick’s mandril, an arbor for turn- 
ing rings : at the centre of the arbor 
there is a cone, round which, at 
equal distances, wedges are fitted 
into dove-tailed grooves, and are ex- 
panded to the bore of the ring by a 
nut acting on a screw at the end of 
the cone. 

Hickory or white walnut, a native 
of America. The wood of the young 
trees is exceedingly tough and flex- 
ible, and makes excellent hand- 
spikes, etc. 

Hieroglyphic, an emblem, a figure 
by which a word is implied; the 
Egyptian art of writing iu picture. 

High furnace, in metallurgy , a blast 
furnace for smelting iron. 

High-pressure engine, a non-con- 
densing steam-engine, worked by 
the excess of the pressure of the 
steam upon the piston above the 
prosure of the atmosphere : in this 
engine, after the steam has acted 
upon the piston, it passes through 
the eduction-pipe into the air. 

Hinges, the joints on which doors, 

gates, etc., turn. The diversity of 

forms into which door furniture has 
been resolved is almost endles*. 
Many of the ancient hinges were not 
only wrought into scrolls and other 
florid device*, but occasionally fur- 
ther enriched with inscriptions 

Hip, the external angle formed by the 
meeting of the sloping sides of roofs 
which have their wall-plates running 
in different directions. 

Hip-knob, a pinnacle, finial, or other 
similar ornament, placed on the top 
of the hips of a roof or the point of a 
gable. 

Hippodrome, a large plot of ground 
laid out for the exercise of horses ; 
among the Greeks, a race-course. 

Hitch, in mining, a small dislocation 
in a coal seam which does not exceed 
its width. 
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Hoggan, in Cornish , a hawthorn- 

berry. A lump of dough with a 

small piece of meat in the middle ; 
when baked it is eaten by the 
miner, but the pasty is more com- 
mon. 

Hogging, in ship -bail d i ng. the convex 
appearance resembling the back of 
a hog, given to a ship after being 
first launched, by the dropping of 
the two extiemitics. 

Hogshead, a measure of 03 gallons. 

Hoist, an appaiatu.s for raising bodies 
fiom the ground-lloor of a building 
to a floor above. 

Hollow fire, in metallurgy , a furnace 
used for reheating the ‘.stamps’ in 
making iron plates for tin-plate 
manufacturer*. 

Hollow newel, an opening in the 
middle of a staircase, the steps only 
being supported at one end by the 
surrounding wall, the ends next the 
hollow unsupported ; also a hollow 
groin, pier, of brick or -tone, made 
behind the lock-gates of canals. 

Holly is a very clean, line grained 
wood, the whitest and mo-t costly of 
those used by the Tunbridge-ware 
manufacturers : it i« used fur painted 
screens and a great variety of. fancy 
and tasteful purposes. 

Holy Trinity (The), in the Table of 
Symbols of the early ages, it is 
represented by the three-coloured 
rainbow encircling our Saviour, the 
visible form of the Duty, who is 
sometimes sealed on it, I’zek. i. 28, 
Rev. iv. 3; by the beams of light 
from the hand of Chri-t ; by the 
extension of the thumb, fore and 
middle lingers of the Saviour’s hand 
as held in giving the benediction. 

Holy-water vessel, the vessel which 
contains the consecrated or holy 
water carried in religious proces- 
sions ; also the receptacle for holy 
water placed at the entrances of 
Roman Catholic Churches. 

Holy-water stone, the stoup on 
which the holy water ve--el is placed. 

Holy-work folk, people who hold 
lands for repairing or defending a 
clnirch or tombs, on which account 
they were freed from feudal and 
military sen ice. 

Homes! all, or Homestead, a 
mansion, house, or seat in the 
country ; a farm, with the land ad- 
joining. 
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Homogeneous, a term applied to 
various substances, to denote that 
they consist of similar parts, or parts 
of the same nature and kind. 

Hones, Hone slates, slaty stones 
used for sharpening edge tools. The 
most important arc the Norway Ray- 
stone, imported from Norway ; the 
Charnley Forest stone , obtained in 
Leicestei dure ; the Ayr stone. Snake 
stone and Scotch stone , obtained from. 
Scotland and principally used for 
policing copper plates ; the Welsh 
od stone, and Idwull stone , also the 
Cutler's green stone, from Wales ; the 
German razor hone, obtained from 
the neighbourhood of Itatisbon ; and 
the Turkey oil stone. 

Hoodings-ends, the ends of planks 
which tit into the rabbets of the stem 
and stern-po&t of a ship. 

Hood-mould, a band or string over 
the head of a door, window, or other 
opening, in an ancient building ; so 
called ft om its enclosing, as within a 
hood, the inferior mouldings and the 
opening itself. 

Hood-moulding, a name given to 
the label-moulding. 

Hook-pins, taper iron pins, only with 
a hook head, to pin the frame of a 
roof or floor together. 

Hops, Hop-drying. The hop is a 
well-known plant of the natural 
family of Urticesc. The bitter prin- 
ciple which is added to beer for the 
pui pose of preserving it, and to 
impart its peculiar flavour, is found 
as a dust upon the fruit of the hop. 
Therefore much care is necessary in 
drying the hop for use. The art of 
drying hops has been much improved 
of late years ; emulation amongst 
landlords and tenant-farmers, in 
regard to the construction of their 
oasts, lias led to this. Hop-drying is 
a process of desiccation, of which the 
object is to drive off the superfluous 
moisture from the hops. Hot wind 
dries more quickly than a cold one ; 
that which has the highest tempera- 
ture will absorb moisture from any 
sub-dance over which it passes more 
rapidly than the cooler current will. 
It is not, however, so generally 
apprehended that the converse of the 
above proposition is also true, and 
that, with equal temperatures, that 
substance over which most air passes 
in a given time will part with a 
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™ larger portion of its moisture. r l he 
application of the latter principle lias 

I been illustrated in a low-temperature 
drying 1 , which has been managed by 
inti o due ing a considerable quantity 
of external air into the space beneath 
the hops, by knocking holes in the 
external walls. Experiments of this 
sort have been held to be conclusive 
as to the superiority of low-tempera- 
ture drying. This, however, is not 
exactly the case, because as much 
heat would pass through the hops as 
before, as long as the tires were kept 
up as usual; and the true explana- 
tion of the circumstance is that the 

( improved drying is due to the larger 
quantity of air passed through the 
hops, rather than to the temperature 
, being reduced. If the fires had been 
lessened, the temperature might 
have been lowered as much as was 
done by the admission of cold air ; 
but in that case the hops, instead of 
drying better, would have been found 
not to dry so well as at the higher 
temperature. 

Horizontal line. That line drawn 
through a pictuie at the point in the 
extreme distance where the sky and 
earth meet ; or, at the line of the 
height of the eye in a picture. 
Hornbeam, a very tough and stringy 
European wood, used by millwrights 
for the cogs of wheels; also for 
plumbers* dressers, or mallets, etc. 
Hornblende, a conspicuous ingredient 
in the composition of rocks, divided 
into common hornblende, horn- 
blende-schist, and basaltic horn- 
blende. 

Horn-stone, a conclioidal and sili- 
ceous mineral substance, allied in 
composition to flint, but of a more 
earthy texture. 

Horn silver. Fused chloride of silver, 
or Luna Cornea. It is found native. 
Horography, the art of constructing 
dials. 

Horologium, a name anciently giver, 
to any instrument for measuring 
time. 

Horse, a large round bar of iron 

fixed in the head of a ship. In 

navigation , the name of a rope reach- 
ing from the middle of a yard to its 
extremity, on which the sailors stand 
when they are loosing or reefing the 

Bails. In metallurgy , a name given 

to the ferrifeious mass which tor ms 
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in the hearth of a blast furnace — 
sometimes called * the bear.* A 
hone in a lode is a mass of rock in 
the middle of the vein of ore. 

Horse-chestnut wood is one of the 
white woods used by the Tunbridge 
turners ; it is dose and soft, even in 
the grain, and is much used for 
brush-backs, etc. 

Horse-flesh-ore, a peculiar variety 
of purple copper ore. 

Horse -flesh- wood, one of the Man- 
groves. 

Horse -power. Although horses are 
not all of one strength, yet there is a 
certain force now generally agreed 
upon among those who construct 
steam-engine 3 , which force is de- 
nominated a horse's power, and hence 
steam-engines are distinguished in 
size by the number of horse’s power 
to which they are said to be 
equal. 

The mcasuie of a mechanical effect 
equal to a horse’s power has been 
much disputed : this, however, can 
be but a matter of little consequence, 
if the mca-ure be generally under- 
stood, since there is no such thing as 
bringing it into any real measure. 
A hor^e of average power produces 
the'greatist effect in drawing a load 
when exerting a force of 187£ lbs. 
with a velocity of 2h feet per second, 
woiking 8 hours in a day. (Tred- 
gold.) A good horse can exert a 
force of 480 lbs. for a short time. 
(Ik-aguliers.) In calculating the 
stnngth for horse machinery, the 
horse’s power should be considered 
400 lbs. Some horses will perform 
double the work of others, and those 
of one country will work more than 
those of another. Desagulicrs’ mea- 
sure is, that a horse w ill walk at the 
rate of 2 h miles per hour, against a 
resistance of ‘200 lbs., and this gives, 
as a number for comparison, 44,000 ; 
that is, the raiding of 1 lb. 44,000 
feet in a minute, or, what amounts 
to the sime, the raising of 44,000 lbs. 
1 foot in a minute. 

Emerson’s measure is the same as 
Desaguliers*, and Smeston’s result is 
2*2,916 lbs. under the same circum- 
stances. 

James Watt found, from repeated 
experiments, that 3o,000 lbs. 1 foot 
per minute was the average value of 
a lior&e'a power : but Ins engines weie 
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calculated to work equal to 44,000 lbs. 

1 foot per minute. 

H.H., the abbreviation for horse- 
power. 

Hortus, a garden or pleasure-ground. 

Hortus Siccus, a dry garden. Plants 
very carefully dried and preserved. 

Hose -pipes, in locomotive engines, 
elastic pipes made of canvas sa- 
turated with a solution of india- 
rubber, sometimes of galvanised 
metal, forming an elastic connection 
between the engine and tender feed- 
pipes. They are now generally us**d 
in prefeienee to ball-atn Socket con- 
nections for conveying the steam to 
the tender. 

Hospitalia, anciently the doorwavs 
in the scene of a theatre on the right 
and left of the valwe rogue or prin- 
cipal doorway: m> called because 
the movable scenes, leprescnting 
inns or places appropriated for the j 
reception of stranger.-, were placed 
near them. 

Hospitals were originally designed j 
for the relief of poor and impotent 
persons, and the entci tainnient of tra- j 
Tellers upon the load, particularly 
of pilgrims and therefore they 
were generally built upon the load- 
side ; in later time they have always 
been founded for fixed inhabitants; 
before the spoliation, there exi-ted 
in England above 0o8 of these 
houses of relief. 

Hospitium, in ohl writers, an inn or 
a monastery, built for the reception 
of strangers and travellers. 

Hostelry, or Hostry, anciently an 
inn 

Hot Blast ; in metallurgy, the em- 
ployment of hot air instead of the 
ordinary atmo-pherio air, for urging 
the combu.'tion in the blast furnace 
for smelting iron ores. 

About 1827 Mr. James Beaumont 
Neilson, of Glasgow, observed the 
superior power of hot air in reducing 
lumps of cast iron in a smith’.-, forge, 
and he war* induced to patent its ap- 
plication. 

The conditions under which the 
advantages now generally admitted, 
are obtained, may be explained as 
follows : If IOUO cubic feet, say at .30° 
of Fahrenheit, were pressed by the 
engine in a given time, and heated 
to C00° of Fahrenheit, it would 
then be increased in volume to 
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2104*4, and so on for every thousand 
feet that would be blown into the 
furnace. In prosecuting the ex- 
periments which this idea suggested, 
circumstances, however, became 
apparent which induced a belief 
that heating the air introduced 
for supporting combustion into 
air-furnaces materially increased 
its efficiency in this icspect; and 
with the view of putting these sus- 
picions to the test, the following 
experiments were made. 

To the nozzle of a pair of common 
smith’s bellows, a cast-iron vessel 
heated U attached from beneath, in 
the manner of a retort for gene- 
rating gas, and to this vessel the 
blow-pipe, by which the forge or 
furnace was* blown, was also at- 
tached. The air from the bellows 
having thus to pa^s through the 
heated vc^cl above mentioned, was 
consequently heated to a high tem- 
perature before it entered the forge 
lire, and the result produced, in 
increasing the intensity of the heat 
in the furnace, was far beyond ex- 
pectation*. 

Experiments on the large scale 
to reduce iron ore in a founders 
cupola, were commenced at the 
Clyde Iron-Works. These experi- 
ments were completely successful, 
and in consequence the invention 
■was immediately adopted at the 
Calder Iron-works, where the blast 
being made to pass through two 
retorts placed on each side of one 
of the laigc furnaces before entering 
the furnace, effected an instanta- 
neous change, both in the quantity 
and quality of iron produced, and 
a considerable saving of fuel. 

The whole of the furnaces at the 
Calder and Clyde Iron-works were 
fitted up on the principle of the hot 
blari, and its use at these works 
continues to be attended with the 
utmost success ; it has now been 
adopted at nearly nil the iron-works 
in Scotland, England, Franco, and 
Gei many. 

The air as at first raised to 250° 
of Fahrenheit, produced a saving of, 
three-sevenths m every ton of p7g^® 
iron made, and the heating appa- 
ratus having since been enlarged, 
so as to increase the temperature of 
the blast to C00° Fahrenheit and 
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upwards, a proportional saving of 
fuel is effected. 

By the use of this invention, 
with three-sevenths of the fuel 
formerly employed in the cold-air 
process, the iron-maker is now 
enabled to make one-third more 
iron. 

The hot blast is now generally 
adopted, and the saving to the coun- 
try in the article of coal is immense. 
In England, about 3,705,027 tons, 
and in Wales 1,021,888 tons of iron, 
were made in 1870. In Scotland in 
the same year 1,200.000 tons were 
made, Tli^refore we made alto- 
gether 5,903,515 tons of pig-iron-, 
upon this quantity of pig-iron there 
will have been a saving of not less 
than ten million tons of coal. There 
are a few furnaces still u-ing cold 
blast, but the make of iron from these 
is comparatively insignificant. It 
was thought by many engineers that 
the quality of the iron was injured 
by the use of hot blast, but a series of 
experiments made by Sir William 
Fairbairn and Mr. Eaton Hodgkin- 
son completely set this question to 
rest (See Ure's Dictionary , edited 
by Robert Hunt.) 

Hot-house, a glass building artifi- 
cially heated used in gardening, and 
including stoves, conservatories, etc. 

Hot- water pump, the feed-pump of 
a condensing engine, for supplying I 
the boiler from the hot well. 

Hot well, the vessel which receives j 
the water from the air-pump. 

Hour-glass, a glass vessel formed of \ 
two bulbs connected together with a 
free passage between them. The 
quantity of fine dry sand placed in 
the upper bulb will run through into 
the lower one in one hour. 

Hour-glass stand, a bracket or frame 
of iron for receiving the hour-glass. 

House, a place of residence. The pur- 
pose of a house being for dwelling, 
and that of tents being the same, 
they are called by one name in the 
Hebrew ; on the same principle, the 
Tabernacle of ( iod, though only a 
tent, is sometimes called the Tem- 
ple, that is, the residence of God. 
The ordinary buildings or houses 
in the East have continued the same 
from the earliest ages, without the 
least alteration or improvement ; — 
large doors, spacious chambers, 


marble pavements, cloistered courts, 
with fountains, etc. — conveniences 
well adapted to the circumstances 
of these climates, where the sum- 
mer heats are generally intense. The 
streets of these cities, the better to 
shade them from the sun, are usu- 
ally narrow, with sometimes a range 
of shops on each side. On enter- 
ing one of the principal houses, a 
porch or gateway will first be seen, 
with benches on each side, where 
the master of the family receives 
visits and despatches business. In 
houses of better fashion the cham- 
bers are hung with velvet or 
damask from the middle of the 
wall downwards, and covered and 
adorned with velvet or damask; 
hangings of white, blue, red, green, 
or other colours. The ceiling is 
generally of wainscot, either very 
artistically painted, or else thrown 
into a variety of panels with gilded 
mouldings, and with scrolls of the 
Koran, etc. The stairs are some- 
times placed in the porch, some- 
times at the entrance into the court.. 
When there is one or more stories, 
they are afterwards continued, 
through one corner or other of the 
gallery, to the top of the house, 
whither they conduct through a 
door that is generally kept shut, 
to prevent their domestic animals 
from daubing the terrace, and 
thereby spoiling the water which 
falls from thence into the cisterns 
below the court, etc. Such in 
general are the manner and contri- 
vances of the Eastern houses; and 
if it may be presumed that our 
Saviour, at the healing of the para- 
lytic, was preaching in a house of 
this fashion, it may, by attending 
only to the structure of it, throw 
some light on one circumstance of 
that history, which lias given great 
offence to some unbelievers. The 
houses of the poorer class of people 
in the East are of very bad con- 
struction, consisting of mud walls, 
reeds, and rushes. In Constanti- 
nople everything is sacrificed to 
outside decorative show : built prin- 
cipally of wood, conflagrations are 
frequent and extensive. In earlier 
history, magnificence and refined 
luxury were combined with the 
highest and most noble examples of 
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decorative art. The interior of the 
domestic residences and public edi- 
fices of Herculaneum and Pompeii 
surpassed every existing example. 
The houses of the Roman citizens 
partook al-o of the refinement of 
an age of art ; and modern Europe 
has noble examples of dome- tic 
dwellings, coeval with the wealth 
of the country in which they aie j 
still to be found. In England, the 
•domestic residence of the noble- 
man, the merchant, ami the trader , 
are, besides the elegancies of their 
arrangements, models of comfort 
and health. 

Before a house is planned, the 
proprietor should describe the Kind 
of house he wishes to be built. The 
architect is to consider v hat mu-t 
be had, and what may be dispensed 
with. He ought to keep his plan 
as scrupulously vithin the expense 
proposed as within the limits of the 
ground he is to build upon ; he i-, 
in short, to enter into the views, the 
wishes, and the ideas of th*- gcntlo- 
man who vill inhabit the huu-e pio- 
posed to be erected. 

House-bote, an allowance of timber 
ont of the lord’s wood. 

House of water, in mining, an old 
mine filled with water. 

Housel, the Eucharist ; the sacred 
bread. 

Housing; a tabernacle, or niche for a 
statue, was formerly so called. 

Hovel. The canopies over the heads 
of the statues ot Richard II. and 
Queen Anne are called innols or 
tabernacles. 

Howl, or To Howie, when the foot- 
hooks of a ship are scarfed into the 
ground-timbers, etc. 

Hue, a compound colour in which one 
of the primaries predominates. 

Huel, old Cornish , a work, a mine, used 
as a prefix, as Huel Pever, liucl 
Sparnon, now written Hlieal. 

Hulk, in Cornwall, an old excavated 
working ; ‘ to hulk the lode.’ 

Hulk, or Hull, the body of a ship. 

Hum,?n glassmaking, a peculiar cloudy 
covering which appears on glass pro- 
perly annealed. 

‘ The glass has a fine hum on it,’ is 
a common term with glas«makers. 
Upon opening a crate of glass, if it 
appears opake, it is thought well of, 
because ‘ there is plenty of hum * 
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Hummums (Turkish), a sweating- 
hou=e, used for an establishment of 
Turkish Baths. 

Hungarian green. (See Bice.') 

Hungarian machine, an hydraulic 
engine, a very ingenious application 
of the Hero jet d'eau principle. 

Hushing, in mining. The formation 
of a dam, where there are veins of 
load, so tli at a flood of water rush- 
ing down may tear up the earth and 
lay bare new surfaces and expose 
lumps of lead ore, which are collected 
bv the miners. 

Hyacinth, a variety of zircon of a 
red colour. It is used as a gem, and 
is sometimes extremely hard. 

Hyalotype, a photographic picture in 
which both the negative and positive 
are produced upon glass. 

Hybrid, of different natures. 

Hydraletes, according to Strabo, a 
mill for grinding corn by water- 
power. 

Hydraulic belt ; an endless double 
band of woollen cloth, passing over 
two roller-, the lower part of the belt 
being immersed in water : it is driven 
with a velocity of not less than a 
thousand feet per minute, and the 
water contained between the two 
surfaces is cairied up and discharged, 
as it passes over the upper roller, by 
the pressure of the band. 

Hydraulic fresco-painting, the 
invention of Fuchs and Sehlotthauer. 
(See Fresco-painting.) 

Hydraulic mortars consist of silica 
and eau-tie lime. Clay and magnesia 
appear to impart greater consistency 
and strength. 

Hydraulic ram,amachine contrived 
to raise water by means of its own 
momentum. 

Hydraulics. The science of hydraulics 
teaches the method of estimating the 
swiftness and force of fluids in mo- 
tion. The science is dignified by the 
name of hydrodynamics, or the ap- 
plication of dynamics to the im- 
pulsion and flow of water and other 
liquid*, as well as the forces with 
which they act upon bodies against 
which they strike, or which move in 
them. 

Hydro-carbons, compounds of hy- 
drogen and carbon combined. 

Hydrodynamics, the science of the 
laws of the motion of fluids, consist- 
ing of two branches. The science of 
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hydraulics refers principally to the 
machinery for conducting fluids ; 
that of hydrostatics, to the pressure, 
equilibrium, and cohesion of fluids. 

Hydrogen, a light inflammable gas 
obtained by the decomposition of 
water, either by electricity, or by 
robbing the water of its oxygen, as 
by iron or zinc, assisting the action 
by the use of an acid. Its name is 
derived from the Greek words mean- 
ing water and to generate . 

Hydrographical chart, a map of 
sens and rivers. 

Hydrometer, an instrument for mea- 
suring the specific gravity of va- 
rious spirits and other liquids, by 
floating in them. 

Hydroscope, an instrument intended 
to indicate the presence of water in air. 

Hydrostatic or Hydraulic Press, 
a machine adapted for giving gieat 
pressure in cases where little motion 
is required. The contrivance of this 
apparatus is due to the celebrated 
mechanician, Joseph Biamah, who 
obtained a patent for it on March 
31, 179C, under the title of ‘ceitain 
new methods of producing and ap- 
plying a more considerable degree of 
power to all kinds of mechanical 
apparatus and other machinery re- 
quiring motion and force, than by 
any means at present practiced for 
that purpose.’ The action of this 
press is founded upon the funda- 
mental principle in hydrostatics, 
that, ‘ when a liquid mass is in 
equilibrium, under the action of 
forces of any kind, every molecule 
or part of the mass sustains an equal 
pressure in all directions.’ From 
this it follows, that a pressure exerted 
on any portion of the surface of a 
confined mass of fluid is propagated 
throughout the mass, and transferred 
undinmiished to the entire suifaee in 
contact with the water. The first 
suggestion of the hydraulic press is 
considered to have been made by 
Pascal in the middle of the ITtli 
century ; hut Bramah was the first 
to carry this suggestion into prac- 
tice, by devising and applying appa- 
ratus in various forms, for the pur- 
pose of producing pressure. 

{Since the date of its invention, the 
hydraulic press has been extensively 
used in pressing goods of various 
kinds. Another of its most useful 
l3 


applications is to the testing of gir- 
ders and beams of iron. Its latest 
and perhaps most remarkable duty 
is that of lifting the iron-work of 
tubular bridges en masse from the 
water-level to their final altitude. 

Hydrostatic presses consist essen- 


1 . 



only by the pipe through which the 
■water parses from one to the other. 
01 the accompanying figures, Kos. I 
and 2 show the main parts of the 
press, viz. the cylinder, into which 
the water is admitted ; the ram, or 
solid plunger or piston; and the 
cross-head by which the pressure at 
the end of the ram is distributed over 
a lengthened surface for use. The 
225 
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figures show the cylinder as supported 
in a frame upon girders, in a manner 
similar to that adopted in raising 
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the tubes of the railway bridges 
erected at Couwav. 

Fig. 3 shows the section of a port- 
able forcing-pump as commonly 
used for proving castings with the 
hydraulic press, for which purpose 
the press is applied horizontally, aiul 
mounted on an iron carriage for 
portability. Hut, however varied 
in arrangement for particular pur- 
poses, the pump and the press con- 
sist of the same essential parts, as 
follows : the pump comprises a cis- 
tern or kind of pail for containing 
the water, and into which a barrel 
descends nearlv to the bottom. The 
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barrel is fitted "with a plunger, by 
working which, the water is driven 
through a small tube or pipe into 
the press. The pump is furnished 
with a safety-valve, and also with a 
screw for letting off the water as re- 
quired. The press consists of a strong 
hollow cylinder of cast-iron, close at 
one end, and of a solid ram working 
through the other end, the water- 
pipe being inserted through the metal 
of the cylinder in a water-tight 
screwed aperture. Fig. 1 is an 
elevation of the press ; fig. 2, a verti- 
cal section of the press, taken at right 
angles to the elevation ; and fig. 3, 
a vertical section of a pump: a is 
the cast-iion cylinder; b, the ram; 
c, the casing or frame of the cylinder; 
dd are two cast-iron girders sup- 
porting the casing ; e is the cast-iron 
cross-head ; //, two guide-rods ; o, 
the water-pipe from the pump, with 
a lever-valve at h, by closing which 
the piessiire will be retained, should 
tbe pipe burst. On fig. 3,j shows the 
other end of the water-pipe, which is 
at i screwed into a stuffing-box on 
the pump ; Jt is the lever of the 
safety-valve, «, which is cylindrical, 
and finished with a conical end, 
which fit' a seating of similar form ; 
/ is a standard bolted at m to tho 
cover of the cistern, and having an 
eye-boss at w, for guiding the plunger; 
op is a link pinned to the plunger ; 
7 the pail or cistern for holding 
the water; r, the barrel passing 
through an opening in the cover, 
and fixed to it with bolts and nuts ; 
5 , the lower valve-seat, and conic il 
threc-'ided valve, the former being 
screwed into the end of the barrel ; 
t , a tube depending from the valve- 
seat s, and screwed upon it : this 
tube readies nearly to the bottom of 
the extern, and is peifoiated at the 
end with minute aperture", through 
which the water is admitted without 
dirt or particles, which would injure 
the w orking of the pump ; u is the 
plunger, which woiks through a 
stuffing-box on the top of the barrel, 
and is made with a slot at r, to re- 
ceive the link o p , which is pinned 
to it and aho to the pump-handle ; 
w is the plunger-rod, screwed into 
the upper end of the plunger ; y, the 
pump-handle, jointed to the standard 
at x. During the first part of the 
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action of the pump, while no great 
pressure is yet produced, the handle 
is pinned to the outer of these holes, 
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is derived, — first, from the ratio of 
the areas of cross-section of plunger 
of pump and ram of press ; and, 
secondly, from the ratio of the le- 
verage of the pump-handle. Thus, 
suppose the plunger to be \ inch 
and the ram 6 inches in diameter, 
and the arm of the lever or handle 
as 1 to 4, the power will be thus 
found : — 

. 5 2 ; 6 * 

multiplied by 1 : 4 

•25TT44, 
that is, 1 : 576. 

And thus a power equal to 20 lbs., 
applied 011 the end of the pump- 
handle, will produce a 
pressure equal to 11,520 
lbs. on the ram, or 5 tons 
2 cwt. 3 qrs. 12 lbs. 

E.ioh of the presses ap- 
g x plied at Conway was 
worked by a steam-engine 
having a horizontal cylinder 17 
inches in diameter and 16 inches 
-troke, with piston-rods working 
through stuffing-boxes at both ends 
• •f the cylinder. The piston-rods 
worked two forcing-pumps, with 
plungers lfo inch diameter and 1G 
inches stroke. The rams of these 
presses were each 5 feet 2 inches 
long and 18£ inches in diameter, 
with a space nearly £ inch wide 
around. The cylinders were 37k 
inches diameter externally, and 20 
inches internally, the metal being 
inches in thickness: the orifice 
of the water-tubes f inch in dia- 
meter. Similar presses were used 
in lifting the Britannia bridge 
over the Menai Straits, and the 
Albert bridge which spans the river 
Tamar. 


as it makes a larger stroke with the 
piston, and thus saves time : the pin 
is afterwards removed to the inner 
hole to have all the advantage of 
the leverage, z is the upper or dis- 
charge valve, with a conical end: 
it is introduced from the top, and 
covered with a short screw, which 
likewise regulates the lift of the 
valve. This valve is formed by 
being simply filed flat out of the 
round. 

The rule for finding the increase 
Of power commanded by the pump 


Hydrostatics, the science which 
treats of the mechanical properties of 
fluids; strictly speaking, the weight 
and equilibrium of fluids. When 
the equilibrium is destroyed, motion 
ensues ; and the science which 
considers the laws of fluids in motion 
is hydraulics. (See Hydraulics .) 

Hygrometer : this instrument is 
used to ascertain the quantity of 
moisture held in the atmosphere. 
There are several kinds of hygro- 
meters in use, namely, De Luc’s, 
Sauss lire’s, Leslie’s, and Professor 
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Darnell's. The latter is considered 
preferable. 

Hypeethral, open above : in temples 
of this description the cella was in 
part exposed to the air : they had a 
double range of columns within the 
cella, dividing it into three ala?, or 
aisles. The a he on either side were 
roofed, but that in the middle had 
no covering. 

Hypeethrum, a latticed window over 
the entrancc-door of a temple. 

Hyperbola, a section of a cone made 
by a plane, so that the axis of the 
section inclines to the opposing leg 
of the cone, which in the parabola 
is parallel to it, and in the ellipse 
intersects it. 

Hyperthyrum, that part of the 
frame of a doorway which is over 
the supercilium. In Greek architec- 
ture, a frieze and cornice supported 
by friezes and consoles. 

Hypocastanum, or chestnut 
brown, is a brown lake prepared 
from the horse-chestnut : it is trans- 
parent and rich in colour, warmer 
than brown pink, and very durable 
both in water and in oil : in the 
latter it dries mocha ately well. 

Hypocausis, among the Greeks, a 
furnace with flues running under- 
neath the pavement of an apartment, 
to increase the temperature. 

Hypocaustum, the stove-room of a 
Roman bath, in which was placed the 
proefurnium for heating the caldaiia. 

Hypogseum, in ancient architect me, 
a name common to all the under- 
ground parts of a building. 

Hypogea or Spea. Cavc& formed by 
excavations ; they were originally, 
in all probability, tombs. Oratories 
and chapels were afterwards made 
in the same manner. 

Hypogene, rocks which have appa- 
rently been thrust up from below. 

Hyposometry, the art of measuring 
the height of places on the surface of 
the earth. 

Hypotrachelium, that part of the 
capital of a column which occurs be- 
tween the shaft and the amulets of 
the echinus. 
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Ice-house, a subterranean chamber 
for preserving ice by protecting it 
from the ordinary changes of tempe- 
rature. 

Iceland moss : a lichen found in Ice- 
land, n^ed for the mucilage it forms 
with hot water. 

Iceland spar, carbonate of lime crys- 
tallised. These crystals are remark- 
able for their powers of double re- 
fraction. 

Ich Dien, in heraldry , 4 1 serve.’ 

Ichnography, in drawing. The ich- 
nographv of a building represents 
the plan or groundwork ; the ortho- 
graphy, the front ; and the sceno- 
grapliv, the whole building. 

Iconociast, an image-breaker. 

Iconographer, a maker of statues or 
images. 

Iconography, the science of images : 
the poetry of archaeology. 

Iconology, a description'of statues or 
pie till t 

Icosahedron, in geometry , a regular 
body or solid, consisting of twenty 
triangular pyramids. 

Idwall stone, one of the hone slates 
piocuied from Llyn Idwall in North 
Walt'". (See Hones.) 

Image, a term applied to a statue. 

Imaginesa vestir, figures used to 
deeoiatc the shrines and altars of 
Italian churches. The bodies are 
roughly lieu n blocks of wood, but 
the head, leg?, and feet are artisti- 
cally- iinidied. 

Imbowment, an arch or vault. 

Imbricated, ornaments having undu- 
lating portions overlapping each 
other, as in the Greek fret, which is 
said to be imbricated. 

Immure, a wall or inelomre. 4 With- 
in whose strong immures.’ — Shak - 
spea re. 

Impages, the horizontal parts of the 
frame-work of doors, commonly 
termed rails. 

Impannata, strictly means doth , but 
it is a name given to oiled paper. 

Impasfco, a term applied to the thick- 
ne-s or substance of the layer of pig • 
ment laid on the canvas in painting. 
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Impetus, in mechanics , violent ten- 
dency to any point, violent effort, 
forced momentum, motion. 

Impinge, in mechanics, to fall against, 
to strike against, to clash with. 

Impluvium, the cistern in the central 
part of the court or atrium of a 
Roman house, to receive the rain- 
I water. 

1 Impost, the horizontal mouldings or 
S capitals on the top of a pilaster, 
pillar, or pier, fiem which an arch 
springs : in classical architectuie 
the fonnvaiies in the several orders. 
Sometimes the entablature of the 
i order serves for the impost of an 

1 arch. 

J Impost, archivolt, and key-stone. 

1 The height of the impost should be 

J from one-ninth to one-seventh of the 

J width of the aperture, and the 

| breadth of the archivolt not more 

1 than an eighth na less than a tenth 

of it. The breadth of the under-.-ide 
! of the key-stone should be the same 

as the hieadth of the archivolt, and 
its sides, of course, concentnc; its 
length, once and a half its breadth, 
but not more than double its 
breadth. 

Impulsive force is that which acts 
during an extremely short time, and 
is so called because the forces that 
take place in any impulse, or impact, 
are speedily exhausted. 

Incise, to cut. to engrave, to carve. 

Inclined plane (the), in mechanics , 
i^ a plane which makes with the hou- : 
zontal plane any angle whatever, , 
forming one of the simple^ mecha- 
nical powers. The inclination of the 1 
plane is measured by the angle 
formed by two lines drawn from the 
sloping and the hoiiznntal plane, 
perpendicular to their common inter- 
section. 

Increment, an increase, pioduce. 

Incrustation. The coating of any 
surface with some substance which 
adheres to it. If water, impregnated 
with calcareous matter, remains long 
in contact with extraneous sub- 
stances, an earthy incrustation takes 
place that soon encloses the enciusted 
substance. Boilers become inemsted 
by the use of waters containing lime 
in solution. 

Encrusted, in architecture , applied to 
walls or columns covered with pre- 
cious marble or stone. 


Incumba, that part of a column or 
pillar on winch the weight of a whole 
building lies. 

Indian architecture. (See Archi- 
tecture.) 

Indian black wood. The produce 
of a tree growing on the Malabar 
coast, called Sit Sal by the natives, 
and Black wood tree by the English ; 
by naturalists it is named Dalbergia 
lati folia. 

Indian ink : the pigment well known 
under this name is principally 
hi ought from China in oblong cakes, 
of a musky scent. It is a prepara- 
tion of the finest kinds of charcoal 
and vegetable gum, or, according to 
Dr. Lewi^, of fine lampblack and 
animal glue; the mode of preparing 
it is kept a secret by the Chinese. 

Indian red, is brought from Bengal, 
and is a very rich iron ore, or peroxide 
of iron. It is an anomalous red, of 
a purple-russet hue, of a good body, 
and valued, when fine, for the 
pureness and lakey tone of its tints. 

India-rubber. (See Caoutchouc.) 

Indian yellow is a pigment long 
employed in India, and subsequently 
introduced generally into painting 
in European countries. It is im- 
poited in the form of balls, is of a 
fetid odour, and is produced from 
the mine of the camel. It has also 
been ascribed, in like manner, to the 
buffalo, or Indian cow, after feeding 
on mangoes; but the latter state- 
ment is incorrect. Indian yellow 
resists the sun’s rays with singular 
power. 

Indicator, the apparatus for showing 
the force of the steam, and the state 
of exhaustion in the cylinder during 
the stroke. 

Indigo, or Indian blue, is a pig- 
ment manufactured in the East and 
West Indies from several plants, but 
principally from the anil or indigo- 
fera. 

Indigo brown, a dye obtained from 
commercial indigo. 

Indigogen, white indigo, produced 
by oxidizing indigo blue. 

Indigo green. Obtained from indigo 
by adding potash to an alcoholic so- 
lution of an alkaline liyposulphate of 
indigo. 

Indigo purple. Obtained from indigo 
by the action of fused sulphate of 
sodium. 
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Indium, a new metal found by F. 
Reich and T. Reichter by spectrum 
analysis in two ores of zinc from 
the zinc mines of Freiberg. 

Inertia, the pas&iveness of matter : 
matter has not the power of putting 
itself into motion, neither has it the 
power of stopping itself when put 
into motion by the action of an ex- 
ternal force, as it requires as much 
force to stop a body as it requires to 
put it in motion. 

Inflammable air, the name, for- 
merly, for hydrogen gas. 

Influx, in hydraulics , the act of flow- 
ing into anything, as the tide into a 
bay or river. 

Injection-cock, the stop-cock in the 
ejection-pipe, for shutting off the ; 
supply of cold water used for the 
condensation of steam. 

Injection-pipe, the pipe through 
which the injection water passes to 
the condenser ; in a steam ve-sel the 
injection-pipe is open to the sea, at 
the bottom of the vessel. 

Ink. Writing ink is a tanno-gallatc 
of iron. It is made by extracting by 
decoction the gallic acid and tannin 
from logwood, gall nut*, or sumach, 
and adding thereto some sulphate of 
iron. 

Ink, red, is made by infusing Brazil 
wood chipped into small pieces in 
weak vinegar, to w hich a little alum 
is added. Carmine dissolved in 
ammonia makes a beautiful reel ink, 
but it is not quite permanent. 

Ink, Blue, Piussia blue dissolved in 
a solution of oxalic acid. 

Ink, indelible. If Indian ink is mixed 
with a solution of galls, it forms a good 
ink which will resist acids. For 
marking linen, a solution of nitrate 
of silver in mucilage is used: the 
cloth being previously washed with 
a solution of soda, or oxide of silver, 
may be suspended in a solution of 
ammonia and gum. 


Ink, printing, is e*sent ially a eombina 
lion of lamp black with boiled oil. 

Inks, gold and silver, are math 
with powdered gold or silver, sus 
pended in gum-water. 

Inn, or Hostel, anciently a lodging 
house, or a house of lodging ant 
refreshment for travellers: house; 
for lodging the collegians at Cam' 
bridge and Oxford were so called. 

Inns of Court, bouses in which then 
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are many lodgings for the accom- 
modation of students and practi- 
tioners at law. 

Innate force, in physics , the vis iner- 
tue. 

Inner-post, in ship-building , a piece 
brought in at the fore-side of the 
main-post, and generally continued 
as hi^li as the wing-transom, to seat 
the other transoms upon. 

Insert um opus, according to Vitru- 
vius, a mode of building walls used 
by tire Romans, in which the stones 
were small and unhewn, similar to 
what is now called rubble-work. 

Insulated columns, in architecture , 
are those which are unconnected with 
any wall or building. 

Intaglio, in sculpture, etc., anything 
that has figures engraved on it, so 
as to rise above the ground. 

Intake, in coal-mining , the fresh air 
descending into the colliery. 

Intense blue, indigo refined by so- 
lution and precipitation, in which 
state it is equal in colour to Antwerp 
blue. By this process, indigo also 
becomes durable, and much more 
powerful, transparent, and deep. It 
wa.dies and works well in water; and 
in other respects it has the common 
pi oper ties of indigo. 

Intercolumniation. The space be- 
tween two columns is called an inter- 
calumniation. When columns are 
attached to the wall, this space is not 
under such rigorous laws as whpn 
they are quite insulated ; for, in the 
latter case, real as well as apparent 
Solidity requires them to be near 
each other, that they may better 
sustain the entablatures which it is 
their o fiiee to carry. 

Different sorts.— The different 
intercolumniations had the following 
names bestowed on them by the 
Greeks, and they still retain their 
ancient appellations : — 

Pycnostylos, when the columns are 
once and a half of 
their diameter dis- 
tant from each other. 
Systylos . . when their distance 
from each other is 
two diameters. 

Eustylos ♦ • when their distance 
from each (Jtfter is 
two diameters and a 
quarter. 

Diastylos , . when their distance 
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from eacli other is 
three diameters and 
a quarter. 

Arceostylos . when their distance 
from each other is 
four diameters. 

In the Doric, however, the in- 
tercolumniation is regulated by the 
disposition of the triglyphs in the 
frieze ; for the triglyphs ought al- 
ways to be placed over the centre of 
a column, and the metope should be 
square. In the Tuscan interval, the 
architraves being of wood, the space 
may be considerably extended. 

Columns may be said to be either 
engaged or insulated : when insu- 
lated, they are either placed very 
near the walls or at some considerable 
distance from them. 

With regard to engaged columns, 
or such as are near the walls of a 
building, the intercolumniations are 
not limited, but depend on the 
width of the arches, windows, 
niches, or other objects, and their 
decorations, placed within them. 
But columns that are entirely de- 
tached, and perform alone the office 
of supporting the entablature, as in 
peristyles, porches, and galleries, 
must be near each other, both for the 
sake of real and apparent solidity. 

Interdentals. The space between 
two dentals. 

Interlignium, in ancient architecture . 
the space between the ends of the 
tie-beams. 

Interpensivse, timbers in the roof of 
the cavajdium, extending in a dia- 
gonal direction from the angles made 
by the walls of the court to the 
angles made by the junction of the 
beams supporting the roof. 

Intrados, the soffit or under-surface 
of an arch as opposed to ex trades. 

In vacuo, a void or empty space. (See 
Vacuum .) 

Invention, in painting , consists prin- 
cipally in three things : first, the 
choice of a subject, properly within 
the scope of art ; secondly, the sei- 
zure of the most striking and ener- 
getic moment of time for represen- 
tation ; and lastly, the discovery and 
solution of such object?, and such 
probable incidental circumstances, 
as, combined together, may best tend 
to develope the story, or augment the 
interest of the piece. The cartoons 


of Raphael furnish an example of 
genius in this part of the art. 

Inverse, turned back or inverted ; op- 
posed to direct. 

Inverse ratio, when more requires 
less, or less requires more. 

Inverted arch, an arch of stone or 
brick, with the crown downwards, 
commonly used in the construction 
of tunnels. 

Iodates and Iodides. Salts of 
iodine. 

Iodic acid, a compound of one atom 
of iodine and five of oxygen. 

Iodide of mercury. There are two 
compounds of iodine and mercury, 
one yellow' and the other brilliant 
scarlet. The colours are exceedingly 
fine, but they are very easily decom- 
posed. The biniodide of mercury 
lias been used as a paint for preserv- 
ing the bottoms of iron ships from 
corrosion. 

Iodine. One of the elementary bodies ; 
it is so called from a Greek word, 
signifying violet, from the colour of 
its vapour. It is manufactured from 
sea- weed, and from the residuary 
liquor, alter the salt has been cry- 
stallised out of the sea-salt pans. It 
is used for many purposes in the arts. 

Iodine scarlet is a pigment of a 
peculiarly vivid and beautiful colour, 
exceeding even the brilliancy of 
vermilion. It is a biniodide of mer- 
cuiy. It should be used with an 
ivory palette-knife, as iron and most 
metals change it to colours varying 
from yellow to black. 

Iodine yellow, iodide of lead, is a 
precipitate from solution of lead by 
salt of iodine ; it is of a bright yellow 
colour. 

Ionic capital. The Greek architects 
must have possessed much science 
in the formation of curves of every 
description. Wc cannot generate 
the curve of the volute of an Ionic 
capital but by approximation ; but 
the inventors of the order must 
have known how to generate this 
and other curves in Greek architec- 
ture on fixed principles; so must 
the artist in vases, etc. Mr. Jop- 
ling is said to have discovered the 
true generic curve. 

Ionic Order. (See Architecture.') 

Iridium, a white metal found gene- 
rally associated with osmium in 
connection with platinum. 
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Iridium- Osmium, or Iridosmine. 
These metals are almost alw ays as- 
sociated, and receive the name of 
native alloy. On account of its hard- 
ness it is used to point gold pens. 

Iron, the most useful and the most 
abundant of the metals, is found in 
various conditions of ore in most 
parts of the earth. Those ores 
which are principally worked for 
the production of the metal for 
manufacturing purposes, are either 
oxides or carbonate*, that i*, they 
contain the metal in a state of 
combination either with oxygen, 
or •with oxygen and carbonic acid. 
The oxides are found in vast beds in 
Sweden, in Lancashire, and in Cum- 
berland, in Spain and many other 
places. The caibonates form the 
greater portion of the iron ores of 
Britain. 

The principal varieties of the ox- 
ides of iron are, — the magnetic; 
found in the north of Europe, in Elba, 
Spain, and other parts ot the woild ; 
the red and brown haematites, found 
in Great Britain and seveial parts of 
Europe. The principal varieties of 
the carbonates are found in the coal 
measures of Great Britain and Ireland 
and scattered all over Europe and 
America. It is often argillaceous, 
and is then commonly known as clay 
iron-stone. 

Beside® the oxides and carbonates 
here enumerated, iron is found in 
large quantities in combination with 
sulphur ; and the several compounds 
thus formed are known as pyrites, 
several varieties of which are found 
in Norway, Sweden, Germany, Ame- 
rica, and in many parts of England. 
(See Pyrites.') 

In the manufacture of iron, the 
first proce.-'S ri the reduction of the 
iron-stone or ore, technically called 
‘ the mine,’ into the state of a metal. 
This is done by fusion in a furnace, 
with coke as a fuel, and limestone to 
act as a flux and a^si.^t the fusion of 
the ore. An artificial blast of air is 
necessary to fu>e the ore in these fur- 
naces, which are therefore called 
blast furnaces, and provided with 
tubes or tuyere*, through the tapered 
nozzles of which strong currents of 
air are delivered to the interior of 
the furnace, the required velocity of 
the bl i*ts being sustained by steam 


or other power. Formerly the air was 
thus introduced at the same tempe- 
rature as that of the external atmo- 
sphere ; but a plan has for many 
years been extensively adopted of 
previously heating the air for the 
blasts in separate vessels to a high 
temperature by which the fusion 
of the ore is so powerfully assisted, 
that the saving of fuel in the furnace 
is many times gi eater than the 
quantity used for the preparatory 
heating of the air. Furnaces thus 
supplied are termed hot-blast fur- 
nace*, and the product is called hot- 
blu'-t iron, while that made with un- 
lieated air is called cold-blast iron. 

The cost of the process of reduc- 
tion with the hot blast being so 
much less than of that with the 
cold blast, the ultimate value of the 
former is of course also partly de- 
pendent upon the quality of the 
produce. On this head much differ- 
enee of opinion has often been mani- 
ftsted. The value of each process 
mud, no doubt, ari*e from the eom- 
ph tenc*s r»f the fusion produced, and 
the separation effected between the 
iron and the impurities combined 
with it in the ore. The hot-blast fur- 
nace effects the fu*ion more readily 
than the cold-blast, but admits a 
larger combination of cinders with the 
ore ; and the advantage which has 
been taken of this facility of adultera- 
tion, in order to reduce the cost of 
production, has doubtless led to the 
introduction into the market of 
many qualities of hot-blast iron 
which are inferior in strength to 
that made with the cold blast. 

In the condition of pig-iron, the 
metal forma the two staple de- 
scriptions of foundry iron and of 
forge iron, according to its quali- 
ties and the proportion of carbon 
and oxygen which it contains. The 
several sorts of pig-iron are consi- 
dered to bo six in number, and are 
thus distinguished: No*. 1, 2, and 
3, foundry iron, of which the first 
two are never u*ed for forge iron. 
No. 3, or daik grey, and also the 
fourth quality known as bright iron, 
are sometimes used for the foundry 
and sometimes for the forge. The 
littli and sixth sorts, known as 
mottled iron and white iron, are 
never used for the foundry. The 
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order here observed corresponds 
with that of the proportion of car- 
bon and oxygen mixed with each 
kind of the iron, and also with that 
of the fluidity to which the metal is 
■educible : it also corresponds with 
the scale of their soltness and 
toughness. Thus, No. 1 has the 
most carbon and oxygen, and the 
white iron has the least. No. 1 is 
the most fluid when melted, and the 
white iron the least so. Again, No. 
1 is the softest, and the white iron 
the hardest : ancl No. 1 is the tough- 
est, while the white iron is the 
most brittle. But white iron is the 
best adapted for conversion into 
malleable iron, while Nos. 1 and 2, 
foundry iron, contain so large a pro- 
portion of carbon and oxygen, that 
they are totally untit to be manu- 
factured into bars. 

The conversion of pig-iron into 
malleable iron is effected by ex- 
tended processes, subsequent to those 
by which the ore has been reduced 
to the form of pig. These processes 
are as follow 

1, Refining. — 2. Puddling, ham- 
mering, and rolling,— 3. Cutting 
up, piling, and rolling; the 3id 
series of operations being re- 
peated. 

The refining is for the purpose 
of separating a portion of the car- 
bon from the pig, and is performed in 
furnaces fitted with tuyeres for sup- 
plying a blast of air. The metal run 
from the refining moulds is exceed- 
ingly brittle, and is then broken up 
into small pieces, and committed 
to the puddling or reverberatory 
furnace, to undergo a further puri- 
fication from the oxygen and car- 
bon which remain after the process 
of refining is accomplished. While 
in this furnace, the mass into which 
the pieces of refined metal become 
clustered is worked and stirred 
about by the workman or puddler, 
until its thickness and tenacity are 
so far increased that it may be 
formed into lumps, or balls, which 
the puddler does with tools adapted 
to the purpose. Machine puddling 
has recently (1872) been introduced, 
but, as yet, it is not generally used. 

The hammering or shingling is 
performed upon the balls or blooms 
of puddled iron, with a very heavy 


hammer, worked by a cam-wheel, 
or by a steam-hammer, and has the 
effect of improving the solidity of the 
metal. It reduces the balls into an 
oblong form, by which they are 
better prepared for the action of the 
rollers. 

The rolls or rollers are fitted to- 
gether in pairs and so funned in 
the periphery and arranged in size, 
that open spaces are formed be- 
tween them, through which the 
metal is parsed while hot ; and each 
succeeding pair of rollers present- 
ing a smaller space, the iron which 
is drawn through them becomes 
proportionately reduced in size and 
increased in length. 

The metal has thus been converted 
from a hard, brittle, and readily 
fusible substance into a malleable bar, 
which is soft, tough, and very diffi- 
cult of fusion ; but it is still far from 
fit for the smith's use, being to a 
great extent unsound in structure, 
imperfect in tenacity, and irregular 
on the surface. 

The third set of processes is now 
commenced by cutting up the 
puddled bars into lengths with power- 
ful shears. These lengths, of various 
dimensions, according to the sized 
bars to be produced, are carefully 
piled up and heated in another fur- 
nace similar to the puddling furnace, 
and which is called the balling fur- 
nace. In this the bars are simply 
heated to a degree which admits of 
their becoming wehkd together in 
the pile and adapted for reduction to 
the form of finished bars in the rolls. 

The rolling is the last operation in 
the making of bar-iron. The metal 
is drawn successively through a series 
of rollers, that is, between the peri- 
pheries of each pair of rollers, and 
thus gradually reduced in size, in- 
ci eased in length, and freed from the 
cinder and other impurities which 
remain after the puddle-rolling has 
been pcrfoimed. 

The last set of operations is some- 
times repeated in producing iron for 
superior purposes. The processes 
here described will give a general 
idea of the manufacture of iron from 
the native ore into the form of mal- 
leable bars ; and it may be readily 
conceived how an extension and 
variation of the process of rolling 
233 
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may be made to produce the several 
other forms in which this metal is 
prepared for the constructions of the 
engineer, the smith, and the ma- 
chinist. 

As varieties of bar-iron may be 
mentioned, — L, or angle-iron •, T, or 
tee-iron ; and II, or deck-beam iron ; 
which are prepared in several size^ 
for the construction of roofs, iiou 
vessels, etc. The malleable rails 
used for railways arc aho produced , 
by an arrangement of rollers. 

Boiler-plate iron, sheet-iron, hoop- 
iron, and nail rod iron are produced \ 
from the form of bars, by the pro- j 
cesses of heating and rolling, or ham- 
mering, as required. Boiler-plates | 
require, according to the desired 
strength and size, several repetitions 
of heating, hammering, and rolling. 
Sheet iron is distinguished from 
boiler-plate hybeipg thinner; hoop- 
iron is rolled in the same manner as , 
the bars, but between rollers without 
grooves in their edges the requi- i 
site thickness being effected by sue- ; 
cessive passages thiough the rollers, ; 
which are brought nearer to each ; 
other at each process by means of j 
adjusting screws. Nail rod-iron is | 
roiled in thin bars, which are, while 
still hot, passed between steel cutters 
that slit them up into the form of 
small rods, which, although rough, 
are well fitted to be manufactured 
into nails. Armour-plates, being of 
great size and of considerable thick- 
ness, require very special arrange- 
ments. 

A very useful form of sheet-iron, 
which should be noticed, i-> that of 
corrugated iron, which is produced 
by passing the sheets between rolleis 
having grooved peripheries. By this 
form, the strength or stiffness of the 
sheet is so much increased, that 
sheet-iron thus formed may be use- 
fully applied to a great variety of 
purposes for which it is otherwise, 
owing to it^» thinness and pliability, 
utterly inadequate. 

Mr. Bessemer has patented most 
successfully some inventions for 
making steel without the aid of 
puddling. 

The following process is adopted 
for the conversion of iron into 
Bessemer steel. Iron in a [molten 
state is run into a peculiarly shaped 


vessel, called a ‘converter ;* and by 
means of a steam-engine, air is forced 
through the liquid mass. The effect 
of this is to increase greatly the heat 
of the iron, and consequently its 
liquidity. The oxygen of the air 
effects the combustion of the carbon 
of the pig-iron, which may be con- 
sidered as a carburet ; and eventually 
all the carbon is burnt off. During 
this process there is a brilliant dis- 
play of sparks, and a peculiar change 
indicates when the process is com- 
pleted. Then a certain portion of 
Spiegelehen — or specular cast iron — 
a compound of iron, carbon, and man- 
ganese, in known proportions, is 
added to the pure melted iron ; it is 
thoroughly united by urging the air 
through the ma^s once more, and 
then run into moulds. At the Barrow 
Works, in Furness, they are now 
(1*72) making more than 2,0U0 tons 
ot Bessemer steel a week. 

Iron bottoms, in metallurgy , the iron 
bed of the puddling furnace is so 
called. 

Iron, No. 2. m metallurgy, merchant 
bar i^ so called. 

Iron, No. 3. in metallurgy , merchant 
iron is broken up into short lengths, 
replied , heated, welded, and rolled to 
form No. 3 iron. 

‘ These bars of “ No. 2 iron ” may 
again be treated like puddled bars, 
to produce bars of “ No. S iron.”’ 

Iron, cast. (See Cast Iron.) 

Iron cement. Iron cement is far 
preferable to any other material for 
making iron joints : it has the excel- 
lent property, that it becomes more 
sound and tight the longer it stands, 
so that cemented joints which at 
first may be a little leaky, soon be- 
come perfectly tight. The following 
is the best mode of preparing this 
iron cement : take 10 parts of iron 
filings, free from rust; 3 parts 
powdered sal-ammoniac (muriate of 
ammonia) ; and 2 parts of flower of 
sulphur : mix all together intimately, 
and preserve the compound in a 
stoppered vessel, kept in a dry place, 
until it is wanted for use. Then 
take 1 part of the mixture, add it to 
12 parts of clean iron filings, and 
mix this new compound with so 
much w ater as will bring it to the 
consistence of a paste, having previ- 
ously added to the water a few drops 



XBO 


IRON SHALE. 


zso 


of sulphuric acid. Instead of filings \ 
of hammered iron, filings, turnings, 1 
or borings of cast iron may be used ; 
cement, however, made entirely of 
cast iron is not so tenacious and firm 
as if of wrought iron ; it sooner 
crumbles and breaks away. It is 
better to add a certain quantity, at 
least one-third, of the latter to the 
former. 

There is but little ground to fear 
for the soundness of a well-riveted 
iron boiler; for in time the action 
of rust and deposit will stop almost 
any crevices. In order, however, to 
take all precaution, it is to be re- 
commended that some clammy sub- 
stance, such as horse-dung, bran, 
coarse meal, or potatoes, should be 
boiled in the vessel before it is used. 
A very small quantity also of the 
same kind of substance may be put 
into the boiler when first set to 
work : this will find its way into 
the crevices by the pressure within, 
and gradually hardening, will soon 
render the vessel perfectly sound. 

Iron, malleable. Specific" gravity 7-6 
( Muschen brock) ; weight of a cubic 
foot, 475 lbs.; weight of a bar 1 foot 
long and 1 inch square, 3 3 lbs. ; 
ditto, when hammered, 3*4 lbs. ; ex- 
pands in length by 1° of heat 
(Smcaton) ; good English 
iron will bear on a square inch with- 
out permanent alteration, 17,800 lbs. 
= 8 tons neatly, and an exten- 
sion in length of cohesive 

force diminished by an elevation 
1° of temperature ; weight of modulus 
of elasticity for a base of an inch 
square, 24.920,000 lbs.; lieiuht of 
modulus of elasticity, 7,550,000 feet ; 
modulus of resilience, and specific 
resilience, not determined (Tredgold). 

Compared with cast iron as unity, 
its otiength is 1*12; its extensibi- 
lity, 0*80 ; and its stiffne*"*, 1*3. 

Iron scale, in metallurgy, the coating 
of oxide of iron formed l>y heat on 
iron, which is removed by bending 
the iron, or by plunging it into cold 
water. 

Iron shale, an argillaceous iron ore 
which has the appearance of rusty- 
black shale, and, when laid together 
in large heaps, sometimes ignites 
from the decomposition of the iron 
pyrites which it usually contains. 
Common iron-stone shale is abun- 


dant in connection with some coal 
measures. 

Iron ship -building, a successful 
mode of construction of ships of iron, 
both for merchant and war purposes, 
and for passenger vessels, upon any 
scale of dimensions. See vol. 54, John 
Grantham on Iron Ship-building, in 
the * Rudimentary ; 5 also separately, 
with 1 Atlas or Practical Examples’ 
in large engravings. 

Iron-stone, a name given sometimes 
to green-stone, which is in colour of 
a bluish gray : it contains but little 
iron, and is hard to work. Many of 
the ores of iron are commonly called 
Iron-stone. 

Iron telluric, a name sometimes 
given to meteoric iron. 

Iron-wood is imported from the Bra- 
zils, the East and West Indies, and 
other countries, in square and round 
logs, 6 to 9 inches and upwards 
through. Its colours are very dark 
browns and reds : sometimes it is 
streaked, and generally straight- 
grained ; used principally for ram- 
rods, turnerv, etc., and is extremely 
haul. 

Iron yellow, jaune de fer, or jaune de 
Mars, etc., is a bright iron ochre, 
prepared artificially, of the nature of 
sienna earth. The colours of iron 
exist in endless variety in nature, 
and are capable of the same variation 
by art, from sienna yellow, through 
orange and red, to purple, brown, and 
black, among which are useful and 
valuable distinctions, which are 
brighter and purer than native ochree. 

Irrigation, watering the ground. 

Isochronism, in mechanics, the per- 
forming of several things in equal 
times ; such as the vibrations of the 
pendulum. 

I&odomon, a building every way 
straight. 

Isodomos, in Grcuk architecture , ma- 
gnify out and squared to the same 
height, so that, when laid, the 
courses were all regular and equal. 

Isometrical, projections and drawings 
so termed. 

Isometrical perspective, that style 
of perspective which is adopted for 
biuVs-eye views in which the base 
lines ot buildings, etc., may be re- 
presented at any angle of view ; but 
the other lines do not converge as in 
ordinary perspective to a vanishing 
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point ; everything is cubical in form, 
the farther side not being less (how- 
ever much it may recede) than the 
nearer one. 

Isoperimetrical, in geometry, such 
figures as have equal perimeters or 
circumferences. 

Isosceles, in geomcity, a triangle that 
lias only two >idt s equal. 

Isothermal, in physics, equal heat: 
lines drawn upon a map slum mg 
the lines of equal degree*' of tempera- 
ture are called wdlici mul lines. 

Italian architecture, a style now 
much appreciated, not only in Italy, 
but in England and France, was 
first introduced at the revival of 
classical architecture, and was subse- 
quently much improved, and adapted 
to modern refinement. (Sec Archi- 
tecture .) 

It appears to be desirable, in this 
place, to introduce the sketch of the 
various kinds of architectural struc- 
tures for which Italy lias ever been 
distinguished, and uhicli formed an 
important fcatuie in the former 
edition of tins work, being at the 
same time historical and descriptive. 
The chief temples of Home were 
— the Capitol, built on the Tarpeinn 
or Capitoline mount, by Tarquinius 
Superbus. No traces of it at present 
remain. The edifice of the Capitol 
was about 200 feet square, and con- 
tained three temples, consecrated to 
Jupiter, Minerva, and Juno. On the 
Capitol were also the tunplcs of 
Terminus and Jupitei Fcretrius, and 
the cottage of Romulus. 

The Pantheon, built by Agrippa, 
the son-in-law of Augustus, and 
dedicated to Mars and Veim**, or 
more probably, from its name, to all 
the gods. Pope Boniface IV. conse- 
crated it. in honour of the Virgin 
Mary and All Saints, a.d. fi(»7. 
It is now generally known by the 
name of the ‘ Rotunda — its’ dia- 
meter between the axes of the 
columns is 117 feet : like most of 
the ancient buildings, it has fallen 
a prey -to the spoiler. The Balda- 
cliino in St. Peter's is indebted for 
its materials to the Pantheon of 
Agrippa. 

'lhe temple of Apollo, on the 
Palatine hill, was built by Augus- 
tus: a temple of Diana stood on 
the Avon tine. 
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The temple of Janus was supposed 
to have been built by Romulus ; that 
of Romulus by Papirius. Of those 
to the Sun and Moon, Fortuna, 
Vi lilis, Vesta, Minerva Medica, Nep- 
tune, Antoninus and Faustina, Con- 
cord, Jupiter Stator, and moat par- 
ticularly of the temple of Peace, 
con biddable remains are fortunately 
still in being. The three magnificent 
arches now standing of that last 
named, though of themselves ma- 
jestic, convey but a faint idea of its 
pristine splendour. Of the temple 
of Jupiter Stator, whose columns, 
capitals, and entablatures were a 
perfect example of the Corinthian 
order, only three columns are in 
existence. The remains of the 
temples of Antoninus Pius, Claudius, 
Hercules, Jupiter Tonans, Isis, 
Romulus and Venus and Cupid, are 
still inteicsting. 

After the time of Diocletian a new 
st\le prevailed in Italy. The ba- 
silica? of Constantine, as tliey existed 
previous to then* restoration, and, in 
short, almost all the first Christian 
churches, were built out of the ma- 
terials which the old temples afforded 
in abundance. The basilica of 
Paolo fuori le Mura still contains a 
large portion of the columns which 
had originally belonged to the mau- 
soleum ot Adrian The style of these 
basilica* may with propriety be 
termed Roman-Gothic. This was 
followed by the Greek-Gothic, of 
which examples may be found in 
mo't of the cities of Italy, as in 8t. 
Maik at Venice, the cathedral at 
Pisa (built by Bu-ehcttoda Duliehio, 
a Greek architect of the lltli cen- 
tury), and in the baptbtery and lean- 
ing campanile of the same city : speci- 
mens abound also in Bologna, Siena, 
Venice, Viterbo, Rome, "etc. I hey 
are chiefly the works of Nicola da 
l’La and his scholars. 

At the time that the famous ca- 
thedral of Milan, the perfection of the 
Lombard-Gothic styP, was in hand, 
Brunelleschi was advancing a step 
further, and had begun the rest (na- 
tion of classical architecture in the 
great cupola of Sta. Maria del Fiore 
at Floieuce; his prototype seeming 
to have been the temple of Minerva 
Medica, to which his work has suffi- 
cient resemblance to just ’fy the allu- 
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sion to it. He succeeded in his 
enterprise, and thus gave a death- 
blow to the Italian-Gothic of all 
sorts. L. B. Alberti, Bramante, and 
Fra Gioeondo restored the use of the 
orders ; Michael Angelo, Raphael, 
Sangallo, Palladio, and Scamozzi 
completed the change ; the church 
of St. Peter rose, and every little 
city began to provide itselt with a 
Duomo. 

The fora of the ancients were large 
squares surrounded by porticoes, 
which were applied to different pur- 
poses. Some parts of them answered 
for market-places, other parts for 
the public meetings of the inhabi- 
tants, still other parts for courts of 
justice. The forum also occasionally 
afforded accommodation for the 
shows of gladiators. Rome contained 
seventeen fora, of which fourteen 
Avere used for the show and sale of 
goods, provisions, and merchandise, 
and were called Fora Venalia; the 
other three were appropriated for 
civil and judicial proceedings, and 
hence called Fora Civilia et J udicialia. 
Of the later sort was the forum of 
Trajan. 

The forum of Julius Caesar was 
far more splendid than the Forum 
Romanum : it cost upwards of 
800,000/. sterling, and stood in 
the neighbourhood of the Campo 
Vaccino, to the ea'jt of the temples 
of Peace and of Antoninus and 
Faustina. 

In the vicinity of that last named 
was the forum of Augustus : the 
temple of Mars bis Ultor decorated 
the centre of it. 

The forum of Nerva, called aLo 
the Forum Transitorium, begun by 
Doraitian, was decorated by Alex- 
ander Severus with colossal statues 
of the Emperors, some of which were 
equestrian. Parts of this forum are 
still in tolerable preservation. 

The forum of Trajan, which has 
lately been accurately traced by 
means of very extensive excavations, 
and the demolition of a great num- 
ber of houses, was by far the mo&t 
magnificent. The Trajan column 
formed one of its ornaments: the 
architect was Apollodorus, and its 
situation was between the forum of 
Nerva and the Capitol. 

The basilica (a term now applied 


to the cathedrals of Rome) was 
originally a court of justice. Like 
the forum, it was furnished with 
shops for the merchants and bank- 
ers. In the place called the Comi- 
tium Avere four basilic ze, viz. that 
of Paulus, the Basilica Opimia, 
Julia (built by Vitruvius), and Por- 
tia : besides these, the most impor- 
tant Avere those of Sicinius, Sem- 
pronius, Caiiis and Lucius, Antoni- 
nus Pius, and the Basilica Argen- 
tariorum, or of the goldsmiths. 
Some of less consideration stood 
in the vicinity of the Forum Ro 
man uni. 

The modern halls of Italy in some * 
respects answer the purpose of the 
ancient basilica?. Those most worthy 
of notice are at Venice, Vicenza 
Padua, and Brescia. 

Near the Tarpeian rock stood the 
famous prison built by Ancus 
Martius, Avhieh was afterwards called 
Tulhanum, from the additions there- 
to by Servius Tullius. The Curia 
Hostilia, where the Senate frequently 
met, Avas the Comitium : at its en- 
trance, close to the temple of Saturn, 
Ava* the Milliarium Aureum, the 
central point from Avhicli all the 
roads to the different provinces 
diverged, and near to Avhieh ran the 
gallery constructed by Caligula, 
Avhieh joined the Palatine and Capi- 
toline hills. It Avas constructed Avith 
eighty columns of Avhite marble. 

The porticoes of Pompey, Augus- 
tus, Domitian, and Nero Avere the most 
celebrated of Rome. The first-named 
afforded a refreshing retreat from the 
sun’s rays. The portico of Augustus 
Avas constructed with columns of 
African marble, and w r as ornamented 
Avith fifty statues of the Danaides. 
Those of Nero, three in number, each 
throe miles in length, Avere called 
Militarize, on account of their extra- 
ordinary dimensions, forming a part 
of his palace. 

The pyramidal form was generally 
applied to tombs. In the heroic ages, 
a cone of earth, Avhose base was oi 
considerable extent, covered the ashes 
of the person to be commemorated. 
This Avas the practice of the early 
ages. Men Avere, however, desirous 
of triumphing OA T er death, and the 
Pyramids, as Avell as numberless 
other monuments, the names of Avhose 
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authors are now lost, have proved 
the vanity of their desires : the 
memory of man must depend upon 
‘ deeds done in the flesh/ 

The pyramid of Caius Cestius, a 
trifle compared with those of Egypt, 
is yet enormous, considering the in- 
dividual to whose memory it was 
erected. The tower of Cecilia Me- 
tella, called the Capo di Bovc, oil the 
Appian way, is a beautiful speci- 
men of art. The Appian, Flami- 
nian, and Latin ways exhibit num- 
berless sepulchres of an interest- 
ing nature. Those which are found 
with the inscription D.M., or Diis 
Manibus, contain the ashes of the 
persons whose names they bear ; but 
the others are mostly cenotaphs, the 
bodies having been deposited else- 
where. 

Triumphal arches may he reckoned 
among the luxuries of the Romans. 
Nothing which could tend to per- 
petuate the fame of the conqueror 
was omitted in the design. Some of 
them were with two, some with 
three passages. The richest were on 
the Triumphal way. Those which 
also served as gates generally con- 
sisted of two openings, one for 
the carriages passing out of, the 
other for carriages passing into, the 
city. With the Greeks, a trophy 
erected on the field of battle was 
held of equal importance with the 
triumphal arch of the Romans, and 
a breach was sometimes made in 
the walls to admit the entry of the 
conqueror. 

The Roman Senate received the 
conqueror at the Porta Capena, near 
the Tiber, which was the entrance 
to the city from the Appian way. 

The arch of Augustus at Rimini 
has but a single passage, about 33 
feet wide : it was crowned with a 
pediment, contrary to theumal prac- 
tice. This was a beautiful specimen, 
but it is much mutilated. 

That called the arch of the gold- 
smiths at Rome is a curious exam- 
ple. It is very small, with a single 
opening, whose crowning is a flat 
lintel. 

The arch of Augustus at Susa, a 
small town just on the Italian side 
of Mount Cenis, is extremely elegant. 

Those of Aurelian and Janus are 
more singular than beautiful 
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The arch of Pola in Istria is only 
curious on account of its affording 
a justification of the use of coupled 
columns, were the authority of the 
ancients necessary for the purpose : 
it was erected by Salvia Posthuma 
in honour of Sergius Lepidus and 
his two brothers. 

The arch of Trajan at Ancona is 
Ltill in tolerable preservation. It 
has long since been stripped of its 
bronze ornaments, but their absenoe 
has not impaired its elegant propor- 
tions. 

The arches of Titus at Rome and 
Trajan at Ben even to bear consider- 
able resemblance to each other. 
That of Gavius at Verona, called 
‘del Cartel Yecchio,’ no longer ex- 
ists. The precepts of Vitruvius 
have been confronted with his prac- 
tice in this arch ; but Vitruvius 
Cerdo, not Vitruvius Pollio„ was the 
art hitect. 

The arches of Septimius Severus 
and of Constantine are with three 
openings. The latter is decorated 
with ornaments shamefully stripped 
ofl' from the arch of Trajan, which 
from their absurd application render 
the barbarism of the robber more 
disgusting. 

Rome formerly contained eight 
bridges. The Pons Sublicius, built 
by Ancus Martius near the Tiber, 
was of timber, so framed as to re- 
quire no iron bolts or ties for its 
security. It stood at the foot of 
the Aventine, and was that which 
Horatius Codes defended. It was 
replaced by one of stone by/Emilius 
Lepidus, and then had the name of 
jEmilianus. Tiberius afterwards 
repaired it. Finally, Antoninus Pius 
rebuilt it of marble, whence it ob- 
tained the name of Marmoratus. 

The Pons Triumphalis, near the 
Vatican, is in ruins ; few vestiges of 
it exht. Tho-e who triumphed passed 
over this bridge in their way to the 
Capitol. 

The Pons Fabriciits led to an 
Bland in the Tiber : it is now called 
Quattro Capi. That which led from 
the Bland to the right bank of the 
river was called Pons Cestius or 
Esquilinus: -it was rebuilt during 
the reigns of the emperors Valen- 
tinian, Valens, and Gratian. 

Pons Janiculi, so called because 
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it led to tlie Janiculum, and now 
known by the name of Ponte Sisto 
(from having been restored by Six- 
tus IV.) was of marble, and built 
by Antoninus Pius. 

Pons JElius, built by iElius Adri- 
anus, is still in existence. It is 
situated close to the mausoleum of 
Adrian. This having changed its 
name into that of Castel St. Angelo, 
the bridge has acquired a corre- 
sponding appellation. 

The Pons Milvius, now Ponte 
Molle, is a little way out of the city, 
on the road to Florence. On this 
bridge Cicero arrested the ambas- 
sadors of the Allobroges, and in its 
vicinity Constantine defeated flax- 
en tius. 

Pons Senatorius, or Palatinus, is 
partly remaining, close to the Pa- 
latine mount. 

Ponte Salaro is over the Teverone, 
about three miles from Rome. 

The spans of the arches are gene- 
rally but small ; yet there are some 
few magnificent exceptions, as in the 
Ponte del Castel Yecchio at Verona. 
This consists of three arches, the 
largest of which is 170 feet span ; its 
two other arches are smaller : they 
diminish from the city, the left bank 
of the river being considerably lower 
than the right. The bridge built by 
Augustus over the Nar, near Narni, 
on the Flaminian Way, was a single 
arch of 150 feet span. In the later 
times of the city, bridges were deco- 
rated with trophies, colossal statues, 
triumphal arches and the like. Such 
was the case 'With the Pons Julius 
and the bridge of Augustus at Ri- 
miui. 

The country round Rome is co- 
vered with the remains of aqueducts, 
some of which conveyed the water 
to Rome from a distance of more 
than GO miles. 

The first aqueduct (Aqua Appia) 
was built, according to Diodorus, by 
Appius Claudius, in the year of the 
W city 441. The water which it sup- 
plied was collected from the neigh- 
bourhood of Frascati, and its sum- 
mit was about 100 feet above the 
level of Rome. 

The second (Anio Vetus) was bo- 
gun forty years after the last-named, 
bv M. Curius Dentatus, and finished 
uy Fulvius Flaccus: it was supplied 


from the country beyond Tivoli. 
Near Vicovaro it is cut through a 
rock upwards of a mile in length, in 
which part it is 5 feet high and 4 
feet wide. The water of this aque- 
duct was not good, and therefore 
only used for the most ordinary pur- 
poses. 

The third (Aqua Martia) was sup- 
plied from a fountain at the extr ni- 
fty of the mountains of the Peligni. 
The water entered the city by tin* 
Esquiline gate. This aqueduct was 
the work of Quintus Martius. 

The fourth (Aqua Tepula) was 
supplied from the vicinity of Fras- 
cati. 

The fifth (Aqua Julia) was about 
six miles long, and entered the city 
near the Porta Esquilina. 

The sixth (Aqua Virginia) was 
constructed by Agrippa thirteen 
years after that immediately pre- 
ceding. Its summit, in the territory 
of Tusculum, was about eight miles 
from Rome, which it entered by the 
Pincian gate. This water still bears 
its ancient appellation, being called 
Acqua Vergine. 

The seventh (Aqua Alsietina, called 
also Augusta, from the use to which 
Augustus intended to apply it for 
supplying his Naumachia) was 
brought from the lake whose name 
it bears. 

The eighth (Aqua Claudia), whose 
summit is about forty miles from 
Rome, was begun by Caligula, and 
completed by Claudius. It enters 
the city at the Porta Nevia, near 
the Esquiline mount. The quality 
of the water which this aqueduct 
supplies is better than that of any of 
the others. 

The ninth (Anio novus, to dis- 
tinguish it from the second-named 
water) was begun and finished by the 
same persons as the last-mentioned. 
It is the water of the Anio, which, 
being exceedingly thick and muddy 
after the rains, is conveyed into a 
large reservoir at some little distance 
from Rome, to allow the mud' to sub- 
side. 

The Aqua Felice is modern, and 
was erected by Sixtus V. in 1581. 

The Popes have, from time to time, 
been at considerable pains and ex- 
pense in repairing and renewing the 
aqueducts ; but the quantity of 
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water delivered is constantly dimin- 
ishing. In the ancient city, the total 
sum of the areas of the different 
pipes (which were about an inch in 
diameter) through which the above 
immense quantity of water was de- 
livered, amounted to about 14,900 
superficial inches ; but the supply 
was subsequently reduced to 1,170. 

The waters were collected in re- 
servoirs called casttl/a , and thence 
were conveyed through the city in 
leaden pipes. The keepers of the 
reservoirs "were called cabtellani. 
Agiippa alone built thirty of these 
reservoirs during his aalile&hip. 
There are live modem ones now 
standing in the city : one at the 
Porta Maggiore, Castello dell’ Ac- 
qua Giulia, dell’ Acqua Felice, dell’ 
Aequa Paolina, and that called the 
Fountain of Trevi. 

In later times the bath was al- 
ways used by the Romans before 
they went to their supper. The ri« h 
generally had hot and cold baths in 
their own houses; and it was not 
till the time of Augustus that the 
baths assumed an air of grandeur 
and magnificence. They were called 
Thermae, that is hot baths, though 
the same pile of building always con- 
tained cold as well as hot baths. 
Different authors have reckoned as 
many as 8U0 public baths in Rome. 
The chief were those of Agrippa, 
Nero, Titus, Domitian, Caracalla, 
Antoninus, and Diocletian. Their 
vestiges indicate the amazing mag- 
nificence of the age in which they 
were erected. The pavements weie 
mosaic, the vaulted ceilings were 
gilt and painted, and the walls in- 
crusted with the richest marbles. 
Some of the finest and best preserved 
remains of ancient Greek sculpture 
have been restored to light from 
these edifices. It was from these 
that Raphael took the hint for his 
fantastic decorations of the Vatican, 
and the first restorers of art drew 
their resources. 

Dramatic entertainments weie 
first introduced at Rome in the 
39 1st year of the city. In ancient 
times the people stoud during the 
performance. For a considerable 
period the theatres were mere tem- 
porary buildings constructed of 
wood. The most splendid of these 


upon record was that of Marcus 
TErailius Scaurus: it was magnifi- 
cently decorated, and was capable of 
containing 80,000 persons. 

It was in Pompey’s second con- 
sulship that the first stone theatre 
was erected : this accommodated 
40,000 spectators. To avoid the 
animadversions of the- Censors (for 
the magistracy did not yet sanction 
theatrical exhibitions), he dedicated 
it to Venus. 

Several other theatres afterwards 
arose : that of JVIarcellus can still be 
distinctly traced, and part of the 
circular facade, in tolerable preserv- 
ation, is singularly elegant. The 
theatre of Balbus was also of con- 
siderable celebrity. 

The theatres were open at top to 
the heavens ; but in times of rain 
or excessive heat, means were pro- 
vided for covering them with a 
species of cloth awning, by which 
the inclemency of the weather might 
be v holly or partially excluded. 
Their general form on the plan was 
(hat of the letter D. The seats 
( gradus ) rose behind each other, Jike 
step*. The front row was assigned 
for the use of the senators and the 
ambassadors of foreign states. Four- 
teen rows behind this were reserved 
for the equites, and the rest were 
open for the public generally. The 
beautiful Olympic theatre, by Pal- 
ladio, at Vicenza, was formed on the 
model of the ancient Roman theatres, 
ami gives one an excellent idea of 
their effect. 

Like the theatres, amphitheatres 
were at first constructed of wood, 
and were only temporary. The first 
amphitheatre of stone was built by 
Statilius Taurus, at the desire of 
Augustus. 

Of all the monuments of antiquity, 
none capable of creating such sub- 
lime sensations in the mind as the 
stupendous amphitheatre general! " 
called the Coliseum. It was com- 
menced in the time of Vespasian, 
and completed by Titus. The plan 
of it is oval, and its accommodation 
was for 87,000 spectators, who could 
enjoy the exhibition therein without 
crowding each other. The part in 
which the gladiators fought was at 
the bottom, and was called I he 
atena, from being usually c*/vc*'cl 
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with sand to absorb !lie blood spilt 
in the savage conflicts for which it 
was used. The arena was encircled 
by a wall, called the podium, which 
projected at top. The podium was 
fifteen or sixteen feet in height : 
immediately round it sat the senators 
and foreign ambassadors. As in the 
theatres, the seats rose at the back 
of pach other : fourteen rows in the 
rear of the podium being allotted to 
the equites, and the remainder to 
the public generally, who sat on the 
bare stone; but cushions weie pro- 
vided for the senators and equites. 
Though open to the sky, the build- 
ing was occasionally covered by 
means similar to those used in the 
theatres. 

The amphitheatre at Verona is 
Still in excellent preservation. 

The Naumaehia?, or buildings for 
the exhibition of sham naval com- 
bats, were somewhat similar on their 
plans to the circi, to which purpose 
also sometimes these latter wei e ap- 
propriated. The amphitheatres were, 
moreover, occasionally used for the 
same sort of display. Those of Au- 
gustus and Domitian were the most 
magnificent. 

The circus was a long narrow 
building, whose length was to its 
breadth genenally as five to one : it 
was divided down the centre by an 
ornamental barrier, called the spina. 
These buildings were used for the 
celebration of games, racing, etc., 
sometimes also for making haraugues 
to the people. 

The first circus of stone is attri- 
buted to Tarquin, and was situated 
between the Palatine and Aventine 
mounts. 

The Circus Maximus was much 
impioved and altered by Julius 
C.e^ar, who supplied it with water 
for the purpose of occasionally lining 

• it as a naumaehia. Augustus made 

H great additions to it, decorating it 

with the famous obelisk which now 
stands in the Piazza del Popolo, 
where it was placed by Fontana in 
the year 15^9, during the pontificate 
of Sixtus V. Being much dilapi- 
dated, it was repaired under Antoni- 
nus, and afterwards embellished with 
a second obelisk, which has found a 

• resting-place in front of the church 

• of St. John Laterally where it was set 
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up by the same Fontana. No vestiges 
of this circus remain. 

The circus of Flaminius, in the 
vicinity of the Pantheon of Agrippa, 
was of considerable dimensions, and 
very magnificent. 

The Circus Agonalis occupied the 
site of what is now known by the 
name of the Piazza Navona. 

The circus of Nero, upon a part 
whereof some portion of the basilica 
of St. Peter is seated, was a splendid 
building. The obelisk now standing 
in the open circular piazza before 
St. Peters belonged to this circus. 

Those of Florus, Antoninus, and 
Aurelian are no longer even in 
ruins; but that of Caracalla is suf- 
ficiently perfect to trace its plan and 
distribution. It was 738 feet in 
length. 

The streets in the time of Au- 
gustus were narrow and irregular. 
After the great fire in Nero’s reign, 
the city was rebuilt with greater 
splendour. The .streets were then set 
out straight, and considerably broader 
than before. Those houses wherein 
several families dwelt were called 
insula. Domus was the expression 
for a house occupied by one family 
only. 

YVe know little of the form of the 
Roman houses, though Vitruvius has 
described at sufficient length the 
different apartments of which they 
consisted. 

The small houses discovered in the 
ruins of Pompeii can bear but little 
if any resemblance to the houses of 
the opulent inhabitants of Rome. 
The most celebrated were those of 
the Gordians, P. Valerius Publicola, 
Caspar, Sallust, Mecsenas, Cicero, 
Verres, Augustus, and Lucallus. 
The Domus Aurea of Nero was 
probably the most magnificent in 
Rome. The Villa of Adrian, at 
Tivoli, was so extensive, that it al- 
most deserved the name of a city. 
Immense ruins of the palaces of the 
Caesars are still to be seen. 

Rome was decorated with num- 
berless pillars. The most remarkable 
are fortunately in an excellent state of 
preservation, namely, those of Trajan 
and Antoninus. 

The column of Trajan stood in 
that emperor’s forum : it is about 
12 feet in diameter at its base, and 
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(including the pedestal) is about 
125 feet in height. The ascent to 
the gallery on the top of the abacus 
of its capital is by lfc5 steps, each 
2 feet 9 inches long, -winding round 
the column, and lighted bv 40 open- 
ings. A color -ill statue of Trajan 
formerly ci owned the top; but St. 
Peter has long since deposed the 
Emperor. 

Tin* column of Antoninus is 170 
feet high, its number of steps li)G, 
with 50 openings for the admission 
of light. Sixtus V. caused its pe- 
destal t® he ra-ed, when, in lob'd, 
tiie pillar was under repair. It was 
this pontiff who elevated St. Peter 
to his situation, as well on this as 
on the Trtijau column. 

The great sewers of Rome are 
reputed to have been the wink of 
Tanjuinius Prisons. The Cloaca 
Maxima, -which still carries some of 
the tilth and waste water of Rome 
into the Tiber, was the woik of 
Tarquinius Supcibus. 

The public ways were not only 
"ome of the stupendous, but 

also the most useful, of the Roman 
waits. 

The fir-4 load which the Romans 
paved was the Via Appia, so called 
because it was executed by order 
of Appius Claudius. He carried it 
as far as Capua, w lnme it was af- 
terwards continued to Brundiisium 
—in all. a distance of 550 mile*. 
It is still entire in many pi ieo-». 
though nunc than twenty \ entmus 
have elapsed since its const! u, tinn. 
It was properly called ‘Regina 
Viariun.’ 

Tlie Via Numicia led to Brindis 
(Brundusium); the Via Plaminia to 
Rimini and Aquileia ; the Via Aurelia 
was along the coast of Etruria ; the 
Via Cas-ia ran tn Modena, bet we. n 
the Elaminidii and Aurehan w a} s ; 
the Via Jhnilia extended hum 
Rimini to Piacenza. 

The smaller ways were, the Via 
P ner.es tina to Palestrina (the ancient 
Praenestc) ; Tiburtina to Tivoli; 
Ottien^is to Ostia ; Lnurentina to 
Lauren turn, south of Ostia; Malaria, 
etc. The cross-roads were called 
Diverticula. 

Italian church (the), in the front or 
facade, is never true to the internal* 
struct me; it is always dhided into 
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two apparent stories, by two heights 
of pillars, or pilasters, and by win- 
dows or alcoves; but the greater 
number of churches in Rome have 
the outward look of large dwelling- 
houses a highly ornamented centre, 
and wings less so, with two or tluee 
ranges of windows, not differing from 

a habitable house. 

Italian pink, a transparent pig- 
ment prepared from the juice of 
yellow beiries or from quercitron 
baik precipitated upon whiting. 

Italian varnish, fur painting, is pre- 
pared by incoiporating over a slow 
lire tw'o parts of linseed or nut oil 
with one part of litharge, ground 
tine. The mixture must be fre- 
quently stirred to quicken the opera- 
tion. 

Ivory, the bony matter of the tusks 
of the elephant, the hippopotamus 
and the horn of the narwhal. It 
is liist mentioned in the reign of 
Solomon : ivory was Used in de- 
corating those boxes of perfumes 
whose odoius were employed to 
exhilarate the king’s spirits. It is 
probable that Solomon, who traded 
in India, fiist brought thence ele- 
phants and ivory into Judaea. Ca- 
binets and wardrobes were orna- 
mented with ivory by marquetry- 
w<>ik. These were called ‘houses 
of nory.’ — ‘Eighty more chests of 
ivory, for your 11*0 and pleasure/ are 
cnunieiatcd in the letter which ac- 
companied the very remarkable tri- 
bute of the Ethiopian queen, Can- 
dace. to Alexander the Croat. 

Ivory-black and bone-black, ivorv 
ami bone charred to blackness by 
strong heat in cIom-i! vessels ; if 
skilfully prrpaicd, tlmv are eligible 
for oil and water painting. 

Ixolite, a mineral lbund in bituminous 
coal. 
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Jacaranda Braziliana, the tree 
prodm ing the rosewood, a native of 
Brazil. Jacaranda is the Portuguese 
aiul Continental name for rosewood, 
(bee Rosewood.') 
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Jacinth. (See Hyacinth .) 

Jack, an instrument fur raising a 
heavy weight through a short dis- 
tance ; it consists of a strong piece 
of wood, with an iron rack which is 
moved, by wheels fixed inside the 

wood, from a handle outside. In 

navigation, a flag or colour ; a small 
union flag. 

Jack-back, the largest vat of the 
brewer. 

Jack, black, the minors’ name for the 
sulphide of zinc. 

Jacob's ladder, a series of dredgers 
fixed on an endless chain is so called. 

Jacquard loom, a weaving machine, 
the invention of M. Jacquard, of 
Lyons. 

Jade, a very hard mineral called also 
nephrite. Its colour is more or less 
green, and it has an oily appearance 
when polished. (See $ net U-s tone.) 

J ak-wood, a native of India, is im- 
ported in logs from 3 ft. to 5 ft. 
diameter: the grain is coarse and 
crooked: used in cabinet-work, 
marquetry, and turning, and also 
for brush-backs. 

Jamb, in building , a supporter on 
either side, as the po>ts of a door. 

Jamb-plate, in metallurgy, plates 
belonging to a pm Idling fui uuoe. 

Jambs, the side pieces ot any opening 
in a wall, which bear the pi«*< e 
that discharges the superincumbent 
weight of such wall. 

Janta, a machine extensively u-ed 
in Bengal and other parts of India, 
to rai^e water fur the irrigation of 
land. It consists of a hollow trough 
of wood, about 15 ft. long, 6 inches 
wide, and 10 inches deep, and is 
placed on a horizontal beam l\ ing 
on bamboos fixed in the bank of a 
pond or river : one end of the tiougli 
rests upon the bank, whore a gutter 
is prepared to carry off the water, 
and the other end is dipped in the 
water by a man standing oil a stage, 
plunging it m with hi- foot. 

Janua, among the Homans, the street' 
door of a piivate house. 

Japan earth. Terra Japonica , which 
see. 

Japanning, the art of painting and 
varnishing on wood, leather, metal, 
or paper, after the manner of the 

Japanese. Lacquering, so called 

from the excellence with which it is 
practised by the Japanese. 
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Jar goon. (See Zircon.) 

Jasper, a siliceous mineral of a green 
colour with red spots or bands: it 
takes a high polish and the richness 
of its colours renders it valuable in the 
ornamental arts. It is found along 
the shores of the Bay of Chaleur, and 
other localities in the northern part 
of New Brunswick. 

Jaune mineral. This pigment is a 
chromate of lead, prepared in Paris. 
The chrome-yellows have obtained 
other names from places or persons 
from whence they have been brought, 
or by whom they have been prepared, 
such as Jaune do Cologne, etc. 

Jesse (the root of), a term applicable 
to the genealogy of Christ, as afford- 
ing subjects for the painter, sculptor, 
or embroiderer. 

Jet, a bituminous mineral very com- 
pact and very black: it receives a 
high polish and is very much used 
for making mourning ornaments. 
(See Bdumcn .) 

Jet d’eau, a French expression sig- 
nifying a fountain that throws up 
water to some height in the air. 

Jetsam, goods cast into the sea to 
relieve the ship in bad weather. 

Jetty, a part of a building that pro- 
ject's beyond the rest, and overhangs 
the wall below, as the upper stories 
of timbei -houses, bay-windows, pent- 
house^, small tui rets at the corners, 
etc. — —A projecting erection into the 
sea, partaking something of a pier, 
niO'tiy constructed of timber, with 
open spaces for the sea to play. 

Jeweller’s Gold, an alloy of 25 per 
cent, of copper with 7o per cent, of 
gold. 

Jeweller’s Rouge, sulphate of iron 
roasted: the water and acid is ex- 
pelled, and a peroxide of iion re- 
mains. 

Jewry, a district, street, or place or 
locality’, in which Jew’s formerlyre- 
sided. 

Jews’ pitch, a kind of asphaltum: it 
has been used by artists as a brown 
pigment, but it is not safe, for it 
hardens but imperfectly. 

Jib, the overhanging part of a crane, 
or a triangular frame with a pulley 
at the end, for the chain to passover 

which leads from the crane. In 

.navigation, X\\e foremost sail of a ship. 

Jib-boom, a spar run out from the 
bowsprit. 
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Jigger, a machine consisting of a piece 
of rope about 5 feet long, with a block 
at one end and a sheaf at the other, 


which was at Rome near the templo 
of Romulus and Remus, and is now 
the church of St. Cosmus and Dami- 


asetl to hold on the cable when it is 
heaved into the -hip by the revolution 
of the windlass 

Jigging, in mining, a method of dress- 
ing ores by the motion of a v ire rieve 
in a kiove or vat of water. 

Jinta Wan, a -uh-tanee ie-eml>ling 
india-rubber, imported fiom the 
East. 

Joggle, a term in masmiy, the art of 
joining and fitting the >tones to- 
gether. 

Joinery, the art of joining, compre- 
hends all the tixed woodwork in- 
tended for ornament or convenience 
in the interior of a house. 

Joint, the interstices between the 
stones or brick-3 in masonry and bi ick- 
work are so called. 

Joists, in carpentry , the secondary 
beams of a liour; those pieces of 
timber framed into gilders and 
summer*, on which the boaul- of the 
floor are laid. 

Journal, a bearing of a shaft when it 
is between the poiuts -where the 
powers and resistance are applied ; a 
hcaung subject to tor-ion. 

Jube, anciently, the i«iod-loft or gal- 
lery over the entrance into the choir 
of a cathedral or church. 

Jugumentum, the lintel of a door. 

Jumper, in mining , a tong borer usal 
by one poison to prepare the hole in 
a rock tor blasting. 

Juniper wood, an aromatic and very 
durable kind of wood. 

Junk, an Indian or Chinese -hip. 

Junk -ring, a ring fitting a groove 
round a pi-ton, to make it steam- 
tight. Tiie ring is turned accu- 
rately to thodianietei of the cnlmdcr, 
and slightly hammered all round on 
the in-ide to increase its ela-thitv, 
it is then cut open, and put in its 
place: springs are sometimes u-ed lor 
pn --ing it outward. 

Justice (Courts of). These places, 
ae<i,rding to Palladio, woic anciently 
calhd Ru-ilica?, where the judges at- 
tended to administer justice, and 
where, sometimes great and impor- 
tant affuiis were transacted : whence 
we lead that the tribunes of the 
people caused to be taken away a 
column that intenupted their 
benches, fiom the Ba-ilica Portia: 
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anus. 

Jute, the fibre of the Cor chorus olitorius 
and C. cupsuhn is called clionch and 
islmnd, imported largely from Ben- 
gal. Dundee and the neighbourhood 
is the s:at of the jute manufacture. 
Jute is u*«mI for making sacking and 
p.i« king cloth; when dyed it is made 
into carpi ts and into* a stuff much 
u®ed for binding books. It is capable 
of taking very fine colours. In 1875 
we imported *3,417,022 cwts. of jute, 
valued at £2,.">7G,."i25. _ 
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Kage, anciently applied to chantry 
chapels enclosed with lattices or 
sercenwork. 

Kal or Cal, in mining , a coarse- 
grained oxide of iron found in lodes. 

Kale, a variety of cabbage. 

Kaleidoscope. This pretty instru- 
ment is fin med of three reflecting 
glasses placed at angles which are a 
submultiple of JG0°. The rudest form 
is then reflected and re-reflected until 
a perfectly symmetric figure is pro- 
duced. 

Kamptulicon, a floor-cloth material 
nude of india-mbber, gutta-percha, 
and ground cork, or wood dust. Its 
great lccommendation is, that it 
deadens sound. It takes colour well 
and can therefore be painted in very 
plea-ing design®. 

Kaolin, porcelain clay, china clay, — a 
hydrous silicate of alumina found 
abundantly in this country around 
St. Austell in Cornwall, and on 
Dartmoor in Devonshire. (SeePor- 
ccfuin Clay.) 

Kauk or Cf/wk, in mining, a heavy 
Mib-tance found in many lead mines ; 
sulphate of baryta. (See Cnwk.) 

Kazer, in mining , in Cornwall, a sieve. 

Keckle meekle, in mining , the 
poorest lead mine yielding only tho 
poorc-t ore. 

Kedge anchor, a small anchor with 
an iron stock, u-ed for warping. 

Hedging, in navigation, a term used 
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when a vessel is brought up or down 
a narrow river or over a bar. 

Keel, a barge used on the Tyne to 
carry coal. 

Keel (False)> in ship-building, a 
strong thick piece of timber bolted to 
the bottom ot the real keel, which is 
very useful in preserving it. 

Keelson, in ship-building, the piece of 
timber attached to a ship's keel. 

Keep, the chief tower ot a Norman 
castle. 

Keeping, in painting, i< the observance 
oi a due propoition in the g«-n<ial 
light and colouring of a picture, so 
that no part be too vivid or moie 
glaring than another, but a proper 
harmony and gradation be evident m 
the "whole performance. 

Kelp, the ashes of burnt seaweed. 

Kept down is a term implying 
gloominess of tint, or an object so 
shaded with fuscous colour that its 
form can scarcely be determined ; 
which object is not intended to be 
seen by the spectator until lie has 
regularly observed all the other 
parts of the painting, but which i, 
necessary to the composition. 

Kermes or Grana. Kermes is 
Arabic for ‘little worm.’ And the 
name is given to the dead bodies of 
the female insects of the cock/ms did-. 
They v r ere used before the introduc- 
tion* of cochineal as a red and scat let 
d}’e, which was of an exceedingly 
fine quality and very durable. 

Kermes lake, an ancient pigment, l 
perhaps the earliest of the European 
lakes : the name is probably derived 
from the AlUermes of the Arabians, 
from Kerman, the ancient Carmania, 
on the borders of Persia. 

Kermes mineral, an amorphous tor- 
i sulphuret of antimony. 

Kerned, in mining , a term applied to 
i a heap of mundie or copper ore 
• hardened by lying exposed to the sun. 

Kerosene oil, a name given to one 
of the coal oils iu the United 
States. 

Kerosolene, a name given by the 
American chemists to a new anaMlio- 
tic, under the impression that it may 
be a new organic radical, or a com- 
pound of one. 

Kerolite, a kidney-shaped mineral ; a 
silicate of magnesia. 

Kersey, a species of coarse woollen 
cloth. 


) Kerseymere, cassimere , a twilled 
woollen cloth. 

Kerseynette, cassinette , a thin wool- 
len stuff. 

Ketch, in navigation , a vessel with 
two masts and sails. 

Kevels, in ship-budding, answer the 
purpose of timber-heads, and are 
sometimes fixed to the spirketing on 
the qnaitcr-deck, when the timber- 
head? aie deficient. 

Key, a term applied to a painting 
when one object, generally the prin- 
cipal one, is so worked up to its pro- 
per tone, strength of colour, etc., that 
the painter is compelled to finish the 
w hole piece in a masteily manner : 
this is said to have been the practice 
of Titian. 

Key-grooving machine, a machine 
lor cutting the grooves or key-ways 
in the boss of a wheel to be fixed on 
a shaft. 

Key-screw, a lever used for turning 
screws. 

Key-stone, the stone in an arch 
which is equally distant from its 
springing extremities In a circular 
arch there will be two key-stones, 
one at the summit and the other at 
the bottom thereof: in semi-circular, 
semi-elliptical arches etc., it is the 
highest stone, frequently sculptured 
on the face and return sides. 

Kiabooca-wood, or Amboyna- 
wood, imported from Singapore, is 
very ornamental, and is used for 
small boxe- and wiiting-de>ks. (See 
lUahooca M'oodd) 

Kibble, in mining a bucket in which 
ore is raised from the mines. 

Kier, a boiler used in bleaching estab- 
lishment*. 

Kieve, a vat or large iron-bound tub 
for washing of ores. 

Kilkenny marble, a fine black mar- 
ble, full of shells and eorolloid bo- 
dies. 

Killas, or Clay slate, a slate peculiar 
to the mining districts of Cornwall. 

Killepe, anciently a gutter, groove, 
or channel, 

Kiln, a furnace for burning bricks and 
tiles, also limestone or chalk, to 
make lime ; a place for drying malt 
or hops. 

Kilns, Flare, kilns recently intro- 
duced for burning lime — in which the 
flame of the fuel is used to burn the 
limestone 
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Kiln, Hoffman’s, a kilu for burning 
bricks, in which, by an ingenious 
arrangement, the heat escaping from 
the burning bricks is made to cir- 
culate over the yet undiiod ones. 
These are thus dried, and pa*~ed on 
to be burnt, as the others leave the 
kiln. (See Lime.) 

Kilogram, Fr. kilogramme* a Frcncli 
weight, equivalent to - lb**. •! <</. 5 
drs. 11 gi-. avoir. i»r 2*20 1*^1 gr**. 

Kiloliter, 220.U1.M3 gaK 

Kilometer, Fr. kilrmCiie, a thousand 
metre". 3 of a mile. 

Kimeridge clay and Shale, a bluidi 
clay found in the neighbouihood of 
Kimeridge : the shah* has been em- 
ployed lor the pi eduction, by distilla- 
tion, of mineral oil. 

King-at-arms, in hei aldry, a pi ineipal 
officer at arms. There are three : 
Gaiter, Xorrov, and Clarencietix. 

King-post, the middle post of a roof, 
standing in the tie beam and reac h- 
ing up to the lidge; it is often 
formed into an octagonal column w itli 
capital and base, and small stmts or 
bans which aie slightly cune.l, 
spreading from it above the capital 
to some other timbers. 

Kingston’s metal, an alloy of copper, 
tin, and mercury, used for tbe bear- 
ing*! of very heavy shaft**, on account 
of its great smooth lie"." of suiiace, and 
the consequent absence of much fac- 
tion. 

Kingston’s valve, a flat valve form- 
ing the outlet of the blow-off pipe of 
a marine engine: it opm** from 
the side of the vessel by turning a 
screw. 

King-wood, called nl-o violet- 
wood, is imported from the Ur.udls: 
it has violet-streaked tints and is 
Used in turnery and small cabinet- 
work. 

Kips, the skins of young animals are 
so called by the tanners. 

Kirk, church, a term still d in 
Scotland, as it was formerly in Eng- 
land. 

Kish, in metallurgy , a name given to 
the plates of graphite whieh fuim in 
the blast furnace. Dr. Percy says 
he lias found unmistakeable evidence 
of the presence cf silicon in it. 

Kit -cat, a term used to designate a 
canvas of a peculiar size used for 
poitrnits; it measures 28 inches bv 
06. 
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Klinometer, or Clinometer, an in- 
strument contrived to measure the 
inclinations of stratified rocks, the 
declivity of mountains, and the dip 
of mineral strata. 

Knee, a term sometimes u=ed for the 
return of the drip-stone at the spring 
of an arch. 

Knees, in ship-building , are the crooked 
pieces of oak timber, or iron, which 
secure the beams to the side of the 
ship. 

Knight-heads, or bollard-timbers, 
the timbers on each side nearest tbe 
stem, and continued high enough to 
serine the bow>prit. 

Knits, in mining , small particles of lead 
ore. 

Knockings, in mining, lead ore with 
spar, as cut fiom the veins. 

Knot, or Knob, a boss ; a round 
bunch of leaves or flowers, or other 
ornament of asimilar kind. 

Knuckle -timber, the foremost top 
timber in the ship that forms the 
buck-head; the timbers abaft it, as 
lar as the angle i" continued, may be 
called knuckle-timbers. 

Koudie. (Set- Pines.) 

Krems, Crems, or Kremnitz 
white, a white carbonate of lead, 
named fiom Crems or Krems, in 
Au"tiia: aUo called Vienna white. 

Kyanising and Burnettising. Ky- 
ani'ing is a simple process by means 
of which timber, canvas and cordage, 
etc., may be preserved from the 
efl'c t of dry-rot, and seasoned in a 
veiy short time. It was invented 
by Mr. Kyan, who obtained a patent 
for it. 

The timber is prepared as follows: 
a wooden tank i." put together so that 
no metal of any kind can come in 
contact with the solution when the 
tank is charged. The solution con- 
si"ts of cm ro"i\c sublimate and water, 
in the proportion of 1 lb. of corrosive 
sublimate to 10 gallons of water as a 
maximum strength, and 1 lb. to 15 
gallons as a minimum, according to 
the porosity or ab-orption of the 
timber subjected to the process. Into 
thi" tank tiic timber to be kyanised 
is placed. 

Oak and fir timber absorb nearly 
alike, but the domestic woods, such 
a» beech, poplar, elm, etc., are more 
p< u-ou". 

An hydrometer will mark acca- 
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rately the strength of the solution, 
water being 0 (vide diagram) ; then, 
when the hydrometer sinks to G°, it 
denotes that the solution contains 1 
lb. of sublimate to 15 gallons of 
water; when it rises to 17°, 1 lb. of 
sublimate to 5 gallons. 

As a general rule, when it stanch, 
midway between 5° and 10°, the so- 
lution will be the proper strength. 

The corrosive sublimate will dis- 
solve beet in tepid water. 



The period required for saturating 
timber depends on its thickness: 21 
hours are required for each inch 
in thickness, lor boards and small 
timbers. 

The timbers, after saturation, 
should be placed under a shed or 
cover from the sun and rain, to diy 
gradually. 

In about Id days, deals and timber 
not exceeding 3 inches in thickness 
will be perfectly dry and seasoned, 
and fit for u«c. Large timliers will 
require a proportionate time, accord- 
ing to their thiekne^. 

The solution may be used ad in - 
finitum , as its strength is not 
diminished ; but it will be advisable 
to ascertain occasionally by tbe hy- 
drometer that it contains the required 
proportions of corrosive subbmate 
and water. 


Kyanising is now very rarely em- 
ployed. W ood is much better pre- 
served by being made to absorb 
kreosote or coal tar. 

Burnettisixg is the process by means 
of which timber, felt, canvas, cor- 
dage, cottons, and woollens may be 
preserved from dry-rot, mildew, 
moth, and premature decay. It 
takes its name from its inventor, Sir 
William Burnett, M.D., who took 
out a patent for it in 1837. 

It consir>ts iu immersing the va- 
rious substances above enumerated 
in a solution of chloride of zinc and 
water in a wooden tank, in the pro- 
poition of 1 lb. of chloride of zinc to 
4 gallons of water for wood, and I 
Ih. of the chloride to 5 gallons of 
j wat r for the remainder of the 
( articles, with the exception of felt, 
which requires 1 lb. of the chloride 
to 2 gallons of water. 

The process employed was as fol- 
lows : — 

There is a large wrought-iron 
tank, 02 feet in length and 0 feet in 
diameter, with a "door 2 feet 6 
inches x 2 feet at each end for 
loading. 

Timber of all sizes and descrip- 
tions is, put into this cylinder, which 
contain* about twenty loads. As 
soon as it is tilled, and the doors 
well secured both against external 
and internal pressure, the air is ex- 
hausted in the cylinder, and also in 
the timber, by means of an air- 
pump worked by a small rotatory 
engine of 10-horse power, on the 
Earl of Dundonnld’s principle, until 
the barometer stands at 27° : the 
valve leading to the air-pump is 
then shut, and the cock of a pipe 
leading from the tank, filled with 
the solution, to the cylinder, is 
turned : the solution rushes into the 
cylinder to fill up the partial va- 
cuum, and about half-fills it, when 
the cock is turned, and the air-pump 
again set to work until the baro- 
meter stands at 27 b°, when the same 
process is repeated, and the cylinder 
nearly filled with the solution. * 

A pressure of 150 lbs. per square 
inch is then obtained by means ot 
a Bramah forcing-pump, connected 
with an iron copper or reservoir, 
filled with the solution, and commu- 
nicating with the cylinder bv means 
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of a pipe. This is worked by hand 
until a valve “placed on the top of 
the cylinder, and loaded to the re- 
q uiied gauge, begins to lift. 

The timber is then left in the cy- 
linder, subject to this pre**uio. lor 
eight hours, which is considered suf- 
ficient for the largest logs, even in 
a rough state. Hie solution being 
then drawn off into the tank, and 
the timber taken out of the cylmdei 
it is 1 e-loaded, and the proems re- 
peated : the same solution i* used for 
two months, when tiesli is prepared. 

The advantages of this j>roce>s 
have not piovcd to be so great as 
was expected. 

Kyrie Eleison, a form of invocation: 

“ Lord, have mercy upon u-.*’ 
Kyste, a chest or coffin for the burial 
of the dead. 
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Laburnum, a small dark-gicenbli 
broom-wood, is sometimes used in 
ornamental cabinet-work. 

Labyrinth, a series of hedges, 
mounds, or walls, with numeious 
winding passages ; intricate and 

winding walks in a gulden. Also, 

in metallurgy , channels for retaining 
the ore in the process of washing. 

Lac, a resinous substance produced by 
the puncture of a female inject of 
the Coccus tribe upon the bran* lies 
of several plants — chiefly the 1 tens 
Indica and Bhunnus jvjiiba. 

Lacing, a piece of compass or knee- 
timber, fayed to the back of the 
figure and the knee of the head of 
a ship, and bolted to each. 

Lac lake is prepared from lac. It 
resembles cochineal and kermes. It* 
colour is rich, transparent, and deep, 
— less brilliant and more durable 
than tho^e of coehineal and kermes, 
but inferior in both these respects to 
the colour of madder. 

Lacquers, or Lackers, solutions of 
shell-lac, gum lac, gum sandarac, 
gum elemi, or gum copal in alcohol 
or other spirits. These lacquers are 
coloured vith dragon’s blood, gam- 
boge, or some such substance. 


Lac -seed, the same resinous sub- 
stance as stick-lac, but in small 
grains. 

Lac-stick, twigs encrusted with the 
cellular substance of the lac insect. 

Laconicum, among the ancients, the 
semicircular end of a bath ; a circu- 
lar stove, for the purpose of heating 
the sudatorie-, or sweating-rooms of 
a bath : the use of the dry bath iy 
said to have been prevalent among 
the Lacedannonians. 

Lacunar, an arched roof or ceiling, 
more especially the planking or 
flooring above the porticoes. 

Lacunaria, the ceiling of the ambu- 
latory around the cella of a temple 
or of the portico. The beams, which 
extended from the walls to the 
entablature, were intersected by 
others ranged longitudinally' : tho 
square spaces made by these inter- 
secting beams were contracted to- 
wards the top, and were sometimes 
closed with single stones, which 
might occasional! v be removed. 

Lacunars, in architecture, are panels 
or cullers in the ceilings of apart- 
meut«, and sometimes in the soffits 
of the toiona of the Ionic, Corin- 
thian, and Composite orders. 

Lade, a passage of water, the mouth 
of a river. 

Lady-chapel, a chapel dedicated to 
the blessed Virgin. 

Lagan goods. (See Jetsam.) 

Laines, courses laid in the building 

( of wall*. 

i Laitance, the milky hue given to 
water when concrete is deposited in 
it. It is generally advantageous to 
remove this, as the precipitate is 
light, spongy', and sets imperfectly'. 

Lake (colour), a name derived from 
the lac or laeca of India, is the cog- 
nomen of a variety of transparent 
red and other pigments of great 
beautv, prepaicd for the most part 
by’ precipitating coloured tinctures 
of dyeing drugs upon alumine and 
other earths, etc. The lakes are 
hence a numerous class of pigments, 
both with respect to the variety of 
their appellations and the substances 
from which they are prepared. The 
colouring matter of common lake is 
Brazil wood, which affords a very 
fugitive colour. Superior red lakes 
are prepared from cochineal, lac, and 
kermes ; but the best of all are those 
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prepared from the root of the rubia 
tinctoria, or madder-plant. (See 
Lac Lake.') 

Lama, in mining , slime or schelm. 

Lamb-skin, a name given to a va- 
riety of anthracite coal sold at Swan- 
sea. 

Laminse, the extremely thin plates 
or layers of metal which compose 
the solid metal. 

Laminable, a term applied to metal 
which may he extended by parsing 
it between steel or hardened (chilled) 
cast-iron rollers. 

Laminated, disposed in layers or 
plates. When metal can be readily 
extended in all directions, under 
the hammer, it is said to be mal- 
leable, and when in fillets under 
the rolling-press, it is said to be 
laminable. 

Lamp JEolopile, a ball of copper 
tilled with alcohol, which is cun- 
veitcd iuto vapour by a lamp beneath 
it ; the vapour being ignited forms a 
powerful blow- pipe flame. 

Lamp-black, a soot of resinous woods, 
resins, and tar obtained in the manu- 
facturing of tar and turpentine. 

Lamp, Safety, a lamp invented by 
Sir Humphry Davy to prevent the 
explosion of Jirc damp in collieries. 
It is so planned that no air reaches 
the tiame unless it passes through 
wire gauze. Its principle is, that 
air, whether charged with gas or 
not, passes freely into the flame 
through the wire gauze cage; if 
combustible, it explodes within the 
cage, but the ignited gas cannot pass 
back or communicate with the air 
on the outside of the cage. Many of 
the safety lamps are so eontmed that 
the flame is extinguished when the 
lamp is in an explosive mixture. 

Lance wood, imported in long poles 
from o to 6 inches in diameter, irom 
Cuba and Jamaica, is of a paler 
yellow than box-wood : it is selected 
for elastic works, as gig shafts, 
archery bows and springs, sur- 
veyors’ rods, billiard cues, etc. 

Land-rags, the un sort able residue 
which remains after the sorting of a 
heap of mixed rags has been pushed 
as tar as, economically, practicable. 

Landscape. In landscape we find 
Nature employing broken colours in 
enharmonic consonance and variety, 
and equally true to picturesque re- 
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lutions: she employs also broken 
forms and figures in conjoint har- 
mony with colours, occasionally 
throwing into the composition a re- 
gular form or a primary. 

Landscape Gardening. The out- 
line of a wood may sometimes be 
great, and always beautiful, but the 
lir^t requisite is irregularity. That 
a mixture of trees and underwood 
should form a long straight line, 
can never be natural; and a suc- 
cession of ea-y sweeps and gentle 
rounds, each a poition of a greater 
or leas circle, composing altogether 
aline literally serpentine, is, if pos- 
sible, worse ; it is but a number of 
regularities put together in a disor- 
derly manner, and equally distant 
fium the beautilul, both of art and 
of nature. 

The true beauty of an outline con- 
sists more in breaks than in sweeps ; 
rather in angles than rounds; in 
vaiietv, not in succession. The out- 
line of a wood is a continued line, 
and small variations do not save it 
i’u'in the in.-ipidity of sameness: one 
dvcp recess, one bold prominence, 
lias more effect than twenty little 
irregularities ; and that one divides 
the line into parts, but no breach is 
thcicby made in its unity: a con- 
tinuation of wood always remains, 
the form of it only is altered, and 
the extent increased : the eye, which 
limries to the, extremity of what- 
ever is uniform, delights to trace a 
varied line through all its intricacies, 
to pause from stage to stage, and so 
lengthen the progress. 

The matciials of natural land- 
scape are ground, wood, and water, 
to which man adds buildings, and 
adapts them to the scene : it is 
therefore fiom the artificial con- 
sult! ations of utility, convenience, 
and propriety that a place derives 
it-5 real value in the eyes of a man 
of taste : he will discover graces and 
defects in every situation; he will 
be as much delighted with a bed of 
flowers as with a forest thicket, and 
lie w ill be as much disgusted by the 
fanciful affectation of rude nature in 
tame scenery as by the trimness of 
spruce art iu that which is wild. 

Landscape Painting. The best 
painteis inlandscape formerly studied 
iu Italy or France, where the verdure 
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of England is unknown : lienee 
arises the liaLit acquired by the 
connoisseur, of admiring the brown 
tints and arid foregrounds in tlie 
pictures of Claude and I'ou^in ; and 
from this cause he usually prefers the 
bistre dutches to the gieen paintings 
of (Tain-borough. England now 
stands pre-iniimnt as the country 
of landscape painters — at the head 
of which stands Tuincr — who has ; 
Ik oil followed by others who are but 
little inferior to that great nu-ter. 
Autumn is the favouiite season of 
study for land -cape painters, when 
the foliage changes its vivid green 
to brown and mange, and the lawns 
put on their ru-set hue : but the 
tints and veidant colounng of spring 
and summer will have eupeiior 
charms to those who delight m the 
perfection of natuie. 

Land-guard, a river fence, or bulwark. 

Land Measure, a table of square 1 
measure, aceoidmg to which lidds, 
etc., are mea-ured. 

Land Reeve, aw -tan t steward. 

Land Steward. A pci -on occupied 
in the management and cultivation 
of an estate, lie should see to the i 
production, advancement, and value I 
of the land; should be well acquaint ed . 
with the pm -uits and interests of 
country liie ; should understand the 
qualities of the soil and the proper 
1 ’* the 

cl, 
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to show what stock the pasture will 
maintain, what quantity of grain 
the arable land will produce, and 
what quantity of hay may lie ex- 
pected from the meadows : with 
other requisite knowledge pertain- 
ing to fanning. I/e should be able 
to form a fair estimate of the produce 
of the farm, to keep account-, ami 
have a ta-te for the erection offaim 
buildings and labouieiV rural cot- 
tages, and al-o the arrangement of 
landscape, llower, and vegetable 
garden-. 

Lander, in mining, the man who waits 
at the mouth of the shaft to receive 
the ore as it is w'ound to the sur- 
face. 

Laniard, in navigation , a stout piece 
ot line or cord used to fasten and 
soi nre the <dirouds. stays, or buovs. ; 

Lantern, in anhiteeture, a small , 
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structure on the top of a dome or 
in similar situations for the admis- 
sion of light, and the promotion of 
ventilation. It is generally made 
ornamental, and was much used in 
Gothic and Tudor architecture. 

Lapidarius, a ljpnlai y.a stone-cutter. 

Lapis lazuli, a mineral w r hich fur- 
n wives the valuable pigment called 
ultiainaime. 

Lapis lydius, a vaiiety of touchstone, 
the sclii-to»c ja-per of Brongniart, 
Containing silica, iron, alumina, 
and charcoal. 

Lapping, the method of uniting two 
pieces of timber that they may pre- 
serve the same breadth and depth 
thioughout. 

Laps, polishing wheels made of metal. 

Laque mmerale is a French pigment 
a species of chromic orange. This 
name i- aLo given to orange oxide 
of lion. 

Lararium, the apartment sacred to 
the liou-eliold gods, in front of 
which an altar was placed. 

Larboard, in navigation , the left-hand 
side of a ship, standing with face 
to the head: now the word ‘Port’ 
i- u-ed. 

Larch, a tree, much grown by 
the Duke ot Athol, m Scotland. 
I here arc three species, one Euro- 
pean and two American. Specific 
giavity of larchwood, -obO; weight of 
a cuiiic foot, 3.3 lbs.; weight of a bar 
1 bint long and 1 inch square, 
0-243 lb.; will bear on a square inch 
without peimanent alteration, 2,0G5 
lbs., and an extension in length of 
• 5 Lt ; weight of modulus of elasticity 
for a ba-e of an inch square, 
1 o,074, non lbs.; height of modulus 
ot cla-ticity, 4,41. .>,000 feet ; modulus 
ot ic-ilienee, 4 ; speuiic re-ihcnce, 
7 1 . (Cal« ulated fiom Barlow's Ex- 
pel iments.) 

Compared with cast iron as unity, 
its stien^th is 0*136 ; its extensi- 
bility. 2*3 ; and it-, stillness, 0-058. 

Lard Oil. When lard is subject to 
pi i -‘'lire, an ml (oleine) is pressed out. 
1 his i- u-ed for adulterating olive oil, 
and a- a lubricator. 

Lardrose, a screen at the back of a 
&t at behind an altar. 

Lares, household gods of the ancient 
Romans. 

Larry, a kind of long-handled iron ho* 
winch w used for mixing g) outing. 
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Lasks, all Indian cut stones are so 
called. 

Later, a brick or tile. Besides the 
Greeks and Romans, other ancient 
nations employed brick for building 
to a great extent, especially the 
Babylonians and Egyptians. 

Lathe, a machine for turning metals 
or wood by causing the material to 
revolve upon central points, and be 
cut by a tool fixed in a slide-rest, I 
or held by hand. 

The lathe is very ancient, and ! 
seems to have been known to the 
Greeks and Romans, but, till within 
the last half century, was a very 
rough and almost powerless ma- 
chine compared with the elegant, 
very powerful, and well-constructed 
machine now in use. It is used for 
turning either metal or timber, and 
varies in size and construction, ac- 
cording to the nature of the work 
required. 

The construction of the modern 
lathe is as follows: a long frame, 
called the lathe-bed, having a per- 
fectly planed surface, and a slot or 
mortise from end to end, is fixed at 
each end upon two short standards, 
and upon one end of it a iiame, 
called the head-stock or mandril- 
frame, is bolted : this frame carries 
the short shaft or maiuliil, upon 
which are the driving pulleys. The 
end of the mandril stands through 
the inner side of the frame, and is 
screwed so that a socket or centre 
chuck may be fixed on it : this 
chuck acts as a ccntie for the work 
to rest upon, and has a projecting 
arm or driver to carry it round with 
it. Another frame, called the back 
centre frame, capable ol being fixed 
upon the lathe-bed at any distance 
trom the front centre, haa a cylin- 
der, with a pointed end or centre, 
at precisely the same height as the 
other, with two set-screws, one to 
adjust the centre piece, the other 
to fix it. The work is placed be- 
tween these two centres, and caused 
to revolve by a band passing over 
a pulley on the mandril, if the lathe 
is large, and by a treddle and hand- 
wheel, if the lathe is small. 

In small lathes, the rest, upon 
which the tool is held, is fixed in 
a socket cast on a small slide by a 
set-screw : the slide is for adjust- 


ing its position, and is capable of 
being fixed at any part of the lathe- 
bed between the centres. 

In large lathes the slide-rest is 
always used. (See Slide-i-egt.') 

Lathe -bed, that part of a lathe on 
which the 4 poppet-head ’ slides 
forward or backward to its required 
position. 

Latitude, breadth, width, extent ; in 
geography, the distance, north or 
south, from the equator, a great 
chele, equally distant from the 
pules, dividing the globe into equal 
pa its, north and south. 

L at ten, a mixed metal resembling 
brass. The monumental brasses in 
churches are called lattcn. 

Lattern-sail, in navigation, a long 
tiiangular sail used in xebecs, etc. 

Lattice, a window or open space hav- 
ing nairow bars crossing it and each 
other diagonally. 

Launders, in mining , tubes and gut- 
ters tor the conveyance of water in 
mines, etc. 

Lava, the melted matter that is thrown 
lrom the craters of volcanoes. 

Lava-ware, a stone ware coloured to 
imitate lava. 

Lavatory, a cistern or trough to wash 
in, u-?ed lormcily in monasteries. 

Laver, a kind of ' wooden oar used to 
ke> p the soap copper from overflow- 
ing. Also a marine plant eaten in 

many parts. (See Green Sloke . ) 

Laver, brazen. Moses was directed 
to make, among other articles of 
furniture, for the services of the ta- 
bernacle, a laver of brass, borne by 
! four cherubim, standing upon bases 
or pedestals mounted on brazen 
wheels, and having handles belong- 
ing to them, by means of which, they 
might be drawn and conveyed from 
one place to another as they should 
be wanted. These lavers wero 
double, composed of a basin which 
received the water that fell from 
another square vessel above it, from 
which the water was drawn by cocks. 
The whole work was of brass : the 
square vessel was adorned with the 
heads of a lion, an ox, and a cherub. 
Each of the lavers contained forty 
baths, or four bushels, forty-one 
pints, and forty cubic inches of 
Baris measure. 

Lay figure, a figure made of wood 
©v cork, in imitation of the human 
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body. It can be placed in any po- 
sition or attitude, and moves at 
every joint, on the principle of the 
ball and socket. It .serves, when 
clot lied, as a model tor drapery 
and for foreshortening. The diets 
of the person is generally placed on 
the lay-figure alter the head is 
taken, bv which the painter finishes 
lii'? entire poi trait at leisure, with- 
out requiring the person to sit. 

Lazaretto, an hn.spital ship for the 
reception of the rick. 

Lead is a veiy heavy metal, suffici- 
ently well known. It occurs abun- 
dantly in the United Kingdom. In 
187U there w*ere 239 lead mines at 
work, which produced 9s, 176 tons of 
lead ore, from which, l>v smelting, 
73,120 tons of lead were obtained, 
ami 781,502 ounces of silver. The 
silver wliich exists in the lead ore 
in quantities varying from 2 ozs. or 
3 oz$. up to 100 ozs. to the tun. is 
separated for the most pait by wh it 
is called the Pattinson piocess. T his 
process is founded on the fact that 
when a mixture of lead and silver 
is kept in a state of fusion at the 
Invest possible temperature, the 
lead crystallizes out, leaving the 
fluid matter enriched for rilur. 
When this is lendcred very rich 
with silver, the lead, is separated by 
the usual process of oxidation. (See 
Metals and Silver.) Specific grav- 
ity of cast lead, 11*353 (Uri>-on) ; 
weight of a cubic foot, 709*5 lb?.; 
weight of a bar 1 foot long and 
1 inch square, 4 94 lbs. ; expands 
in length by 1 degree of heat 
« 28 oo (Smeaton); melts at 012° 
(Crichton) ; will bear on a square 
inch without permanent alteration, 
1,500 lbs..and an extension in Kn^th 
of *io ; weight of modulus of elas- 
ticity for a ba^e 1 inch squaie, 
720,000 lbs.; height of modulu? of 
elasticity, 146,000 feet ; modulus of 
resilience, 3*12 ; specific resilience, 
0*27 (Tredgold). 

Compared with cast iron as unity, 
its strength is 0*096 : extensibility, 
‘2*5; and its stiffness, 0*0385. 

Leads, in metallurgy, a name given to 
the different varieties of plumbago. 

Lead, white. A very important 
colour : it is a carbonate of lead ma- 
nufactured by the action of acid 
\upours on piu e metallic lead* Un- 
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fortunately it is often adulterated 
with sulphate of barytes and some- 
times with chalk. 

Lead spar, sulphate of lead. 

Leader, in mining, a branch, rib, or 
string of ore, leading along to the lode. 

Leading springs, the springs fixed 
upon the leading axle-box of a loco- 
motive engine, bearing the w*eiglit 
above. 

Leading wheels, the wheels of a 
locomotive engine, which are placed 
before the driving wheels. 

Leap, in mining, a dislocation of a 
lode or vein, so that one portion of 
it is moved to a greater or less dis- 
tance from the other. 

Lease, holding of land or house for a 
term of years at a rent. 

Leat, a water course, or level for con- 
veyance of water. 

Leather, all kinds of skins of ani- 
mals dressed so as to be tit for use. 

Leaves, a term applied to window*- 
shutters, the lohling-doors of closets, 
etc. 

Leavings (i n Cornish), or Casualt ies, 
in tin. The refuse after the ore has 
been dressed for the market: it 
applies also to copper or lead ore. 

Lectern or Lettern, the desk or 
stand on which the larger books 
used in the services of the Homan 
Catholic Chui ch are placed. In 
model n Protestant churches they 
are now often used, and are very 
ornanuntal in appearance, and far 
more appropriate than the cumber- 
some reading-desk. Lecterns are 
made sometimes of stone or marble, 
but usually of wood and brass, and 
generally are extremely well exe- 
cuted. 

Lectica, a kind of palanquin. 

Lectus, a bed or coucli. 

Ledger, a large flat stone laid over a 
tomb: horizontal timbers used in 
forming scaiioldmg are also called 
ledgers. 

Ledgment, a string-course, or hori- 
zontal suite of mouldings, such as 
the base-moulding? of a building. 

Lee, in navigation , the side opposite 
to the wind ; as the lee-shore is that 
on which the wind blows. 

Lernbus, according to Plautus, a skiff 
or small boat, u?od for carrying a 
person from a ship to the shore. 

Lemon Tree, the tree producing 
the well-known fruit, the wood of 
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which is occasionally used for orna- 
mental work. (See Orange Tree.') 

Lemon yellow, a beautiful light and 
vivid colour. In Loch’ and opacity 
it is nearly equal to Naples yellow 
and mastieot, but much more pure 
and lucid in colour and tint, and at 
the same time not liable to change 
by damp, sulphurous, or impure air, 
or by the action of light, or by the 
steel pahtte-knife, or by mixtuie of 
white lead or other pigments, either 
in water or oil. 

Leopard Wood, an ornamental wood 
produced by one of the palms. 

Lesehe, a building of open courts 
with porticoes the walls being 
covered with paintings. It is said 
that there were no leas than 360 auch ! 
buildings in Athens. 

Lessee, one to whom a lea^-e is given. 

Lessor, one who grants a lease. 

Letter Wood. (See Snake ITuod.) 

Leveeel, anciently a pent-hou^e, or a 
projecting roof over a window, door, 
etc. 

Level, an instrument for determining 
the heights of one place with re- 
spect to another. 

Levelling, the art by which the re- 
lative heights of any number of points 
are determined. 

The height of a point is the verti- 
cal distance to which it is elevated j 
or depressed, as eompaicd with the 
true general surface ot the earth. 

The earth is in form a spheroid. 
On land wc can nowdtere trace its 
true gcomctiie surlacc ; blit the I 
sea, when at rest, pie^enN cveiy- ! 
where a very near approximation to | 
it, and hence the level of the sea 
lias been assumed as the standard to 
which all heights are to bo rc felted. 

The absolute height, then, of any 
point is its vertical distance from 
the level of the sea : the relative 
height of two or more points, com- 
monly called their difference of level, 
is the difference of tho«c vertical dis- 
tances. 

A true level is any surface or line 
which is parallel to the true geo- 
metric surface of the cartli ; every 
true level must, therefore, necessarily 
present a curve everywhere perpen- 
dicular to the direction of gra\ sty. 
It is a beautiful property of fluids 
that in every situation, w hen at rest, 
their srrfacc will present a true level. 


All points situated within the 
same true level are evidently at the 
same height. 

One point is said to be higher or 
lower than another, according as a 
true level traced through it passes 
above or below that point ; and the 
veitical distance at which it so parses 
is the measure of its relative height. 

In tlieoiy, levelling is extremely 
simple. It consists in tracing through 
space a series of level surfaces, and 
finding their intersections with ver- 
tical lines passing through the points 
whose relative height we wished to 
ascertain. 

Level (Road), a triangular frame of 
wood with a long straight base, and 
a plummet suspended by a thread 
fiom the vertex of the triangle. 
When the ground to which it is 
applied is level, the thread will co- 
incide with a line perpendicular to 
the base. 

A tool similar in principle to the 
above-mentioned is used by litters, 
and is made of a plate of sheet- 
iion, two sides of which form a 
right angle, and the thread which 
suspends the plummet is parallel to 
the vertical side when the base is 
level. 

Level (Spirit), a glass tube, closed 
at the ends and nearly filled with 
spirits, fixed in a piece of wood or 
metal with a flat base, to which the 
tube is perfectly parallel. When 
placed upon a level surface, an air- 
bubble will be at the centre of the 
tube. 

Lever, the first mechanical power, 
being an inflexible straight bar, sup- 
ported in a single point on a ful- 
crum or prop, called its centre of 
motion : it is used to elevate a great 
weight. 

Lever-hammer, in metallurgy , a 
hammer in the ha miner -block is 
Jixed to one end of a shaft placed 
horizontally and is moved vertically 
tluougli a .small arc by a rotary cam 
shaft. I he lever-hammer is further 
clarified into tilt-hammers and 
helves. 

Lever-valve, a safety-valve kept in 
its seat by the pressure of a lever 
with an adjustable weight. In lo- 
comotive engines a spring is used at 
the end of the lever, instead of the 
weight; and the pressure is regu- 
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lated by a screw, and indicated on a 
brass plate. 

Levigation, tbe process of reducing 
hard budies into subtile powder by 
grinding upon marble with a mullei . 

Lewis, an instrument used by masons 
for hoisting, consisting of thin 
wedges of iron, forming a dovetail, 
which is indented into a large stone 
for the purpose of moving it. 

Ley, a standard of metal ; contents in 
pure metal. 

Libella, a small bahmee ; a level used 
by carpenters and masons to teat Hat 
sui faces. 

Libra, a pound weight ; a balance, or 
a pair of scales : one of the twelve 
signs of the zodiac. 

Lich-gate, a gate belonging to 
churchyards. 

Lifting-gear, the apparatus for lift- 
ing the safety-valves from within a 
boiler : it consists of levels con- i 
nected to the valve and to a screw I 
worked by a handle outride the | 
boiler. 

Lift, part of a wooden frame 45 inches 1 
by 15 inches and about 5 inches deep. 
The lifts aie jointed to lit one upon 
another. 

Lifts, in navigation , the ropes at the ! 
yard-aims, u*ed to make the voids 
hang higher or lower, as required. 

Light. The meteorological pheno- 
mena induced by the action ot light 
arc, chiefly, atmospheric refraction ; 
the tint*, ever varying, which spread 
over nature ; the various aspects 
of the waters of the ocean, of 
seas, and of lakes ; the Fata Mor- 
gana, the mirage, and all those 
optical appeal anoes which both 
celestial and terrestrial objects 
present when seen through atmo- 
spheric media of different degrees of 
density. All natural colours and all 
such as are produced by art aie due 
to the physical conditions of the sur- 
faces upon which the luminous rays 
of the sun fall, some rays being ab- 
sorbed, and some reflected back to 
the eye. (See Sunbeam.') 

Light-hole, iu metallutgg , Gr. Lich- 
loch, a hole in the forc-pait of a 
bla>t-furnacc. 

Light-red is an ochre of a russet- 
orange hue : principally valued for 
its tints. The common light red is 
brown ochre burnt ; but the yellow 
ochres atioid tins colour best: and - 
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the brighter and better the yellow 
from which this pigment is prepared, 
the brighter will this red be, and the 
better flesh tints will it afford with 
white. 

Lights, a term used in architecture 
to denote the open space between 
the stone mull ions of a window. 
Thus a group of three narrow win- 
dows would be termed a lancet win- 
dow of thiee lights. 

Lignite, voud coal, or fossil wood. 
The Lovcy coal. The brown coal 
of Germany. 

Lignum vitee is a very hard and 
heavy wood, shipped from Cuba and 
other adjacent Elands. AVhen first 
cut, it is soft and easily worked •, but 
it speedily becomes much harder on 
exp- sure to the air. It is cross- 
giained, covered with a smooth 
yellow sap, like box, almost as hard 
as the wood, which is of a dull 
brownish green, and contains a large 
quantity of the gum guaiacum, which 
is extracted for the purposes of 
medicine. The wood is used in ma- 
chinery, and for roll-TS, presses, 
mills, pestles and mortars, sheaves for 
ships’ blocks, skittle-balls, etc. 

Limber-boards, short pieces of plank 
littcd from the limber-strake to the 
ke-Eon of a ship, butting at the 
sides of nil the bulk-heads, that they 
may be easily taken up. 

Limber-strake, the strake of wood 
waleing nearest the keeEon, from 
the upper side of which the depth 
in the hold of a vessel is measured. 

Lime, granular or massive sul- 
phate ot, Gypsum which becomes 
pla'tir of Paris by baking and 
grinding. 

Lime, or Quicklime. Lime is ob- 
tained by boating limestone in kilns 
to drive oil all the carbonic acid; 
most marbles yield it moderately 
pure ; but as prepared for ordinary 
purposes, by the calcination of 
common limestone in a furnace with 
coal, it is far otherwise. Limestone 
becomes lime on being deprived of 
it* carbonic acid and of the water it 
contains, whether hvgrometrically or 
in combination. The agent employ ed 
to o fleet this is heat. 

With the same heat, the calcina- 
tion is effected with more ease and 
rapidity, in proportion as the stone is 
ot a le&s compact texture than the 
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smallness in bulk of the fragments 
into which it is reduced, or to its 
being impregnated with a certain 
degree of humidity. 

Limestone which is pure, or nearly 
so, supports a white heat without 
injury. Under the intense heat of 
the hydro-oxygen blow-pipe, this 
substance atfords the biilliant light, 
the beautiful application of which to 
the microscope is now so well known. 
The compound limestone, on the 
other hand, alloyed in the propor- 
tions necessary to form hydraulic 
or eminently hydraulic lime, fuses 
easily. Its calcination demands 
certain precautions : the heat ought 
never to be pushed beyond the 
common red heat, the intensity being 
made up for by its duration. 

The compound limestone, when too 
much burnt, is heavy, compact, 
dark-coloured, covered with a kind 
of enamel, especially about the an- 1 
gular parts ; it slakes with great 
difficulty, and gives a lime carbon- i 
ised and without energy : sometimes | 
it will not slake at ail, but becomes i 
reduced, after some days’ exposure to \ 
the air, to a harsh powder altogether j 
inert. 

The calcining of calcareous mi- j 
nerals constitutes the art of the 
lime- burner. According to situation, 
cither fire-wood, faggots, brushwood, 
turf, or coal is used. 

Lime-kilns of various kinds have 
been suggested and tried. The forms 
of interior most generally adopted 
are, 1 st, the upright rectangular 
prism ; 2nd, the cylinder ; 3rd, the 
cylinder surmounted by an erect 
cone slightly truncated ; 4th, a trun- 
cated inverted cone 5 5th, ail ellipsoid 
of revolution variously curvated, or 
an egg-shaped kiln. 

The cylindric kilns are principally 
employed upon works which con- 
sume a large quantity of lime in a 
short time. They are termed ‘field- 
kilns ; ’ their construction is expedi- 
tious and economical, but precarious. 
Above a pointed oven-shaped vault, 
is raised, in the form of a tower, a 
high stack of limestone, which is en- 
closed by a curtain of rammed earth, 
and supported outwardly by a coarse 
wattling, in which care is taken to 
leave an opening to introduce the fire 
beneath the vault. 


The kilns of the third kind are 
constructed in a solid and durable 
manner, like the four-sided kilns : no 
bricks are burnt in these ; the largest 
stones occupy the lower part of the 
cylinder ; the smaller pieces and 
fragments are thrown into the cone 
which i urmounts it. 

The kilns of the fourth and fifth 
kind are specially intended for the 
burning w'ith coal. 

The interior wall of the kiln is 
generally built with bricks, or other 
material unalterable by heat, ce- 
mented throughout a "thickness of 
from 12 to 15 inches with a mixture 
of sand and refractory clay, beaten 
together. 

In the flare-kilns fed by logs or 
bruduvood, the charge always rests 
upon one or two vaults built up dry 
with the materials of the charge 
itself. Underneath these vaults a 
small lire is lighted, which is gradu- 
ally increased as they retire, in pro- 
pi at ion as the draught establishes 
itself and gains force. On reaching 
the exterior, the aperture at the eye 
of the kiln is suitably adjusted, and 
then kept constantly filled with the 
combustible. The air which rushes 
in canics the flame to a distance 
over every point of the vaults ; it 
insinuates itself by the joints, and is 
not long in extending the incande- 
scence by degrees to the highest 
parts. 

I 11 Hoffman’s kilns the process is 
rendered continuous by employing 
the heat which is wasted in the 
ordinary kilns to act upon the lime 
as it progresses towards the more 
intense heat necessary for produc- 
ing the perfect calcination of the 
stone. 

There are some kinds of stone 
which the fire, however well regu- 
lated, seizes suddenly, and causes to 
fly with detonation : they cannot, 
without the risk of spoiling the 
charge, be used for the construction 
of the vaults and piers in loading the 
kiln. In Mich a case, materials "which 
are fiee from this inconvenience are 
employed. 

Practice can alone indicate the 
time proper for the calcination. It 
varies with a multitude of circum- 
stances, such as the more or less 
giecn, more or less drv quality of the 
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wood ; the direction ot the wind, if 
it favour the draught, or otherwise, 
etc. The master-burners usually 
judge by the general settling of the 
charge, which varies from l to l. In 
a kiln of the capacity of from 211*8 
to 2ti4*75 cubic feet, the lire lasts 
from 100 to 150 hours. 

In the coal-kilns bv slow heat, the 
stone and coal are mixed. Of all the 
methods of burning lime, this i* cer- 
tainly the most piecarious anil diffi- 
cult, more especially when applied to 
the argillaceous lime-touc. A mere 
change in the dm at ion or intensity 
of the wind, any dilapidation of the 
interior wall ol the kiln, a too great 
inequality in the size of the frag- 
ments are so many cause* which may 
retard or accelerate the draught, and 
occasion irregular movement** in the 
dc.-cent of the materials which be- 
come locked together, form a vault, 
and precipitate at one tune the coal, 
and another the stone, upon the same 
point : hence an excess or deficiency 
in the calcination. 

The capacity of a furnace contri- 
butes, no lc-s than does its form, to 
an equable and proper calcination. 
There are limits beyond which they 
cannot be enlarged ■without serious 
evils. 

The bulk of coal burnt to produce 
a cubic foot of lime necessarily varies 
with the hardness of the limestone 
used, but within narrow limits. 

The calcination of limestom s pre- 
sents other important pioblems, 
which can only be solved by expen- 
meat. 

Limes, hydraulic (artificial). Arti- 
ficial limes are applied to a number 
of impoitant works. 

The artificial hydraulic limes arc 
prepared by two methods ; the most 
pci feet, but aI<o the most expensive, 
consists in mixing with rich lime, 
slaked in any way, a certain propor- 
tion of clay, and calcining the mix- 
ture : this is termed ‘ artificial lime 
twice kilned 

By the second process, any very 
soft calcareous substance is sub- 
stituted for the lime (such, for ex- 
ample, as chalk, or the tufas), which 
it is ea-y to bruise and reduce to a 
pa-te with water. From this a great 
saving is derived, but at the same 
time an artificial lime perhaps of 


not quite so excellent a quality as 
by the first process, in consequent 
ot the rather less perfect amalgama- 
tion of the mixture. In fact, it is 
impossible by mere mechanical 
agency, to reduce calcareous sub- 
stances to the same degree of fine- 
iio>3 as slaked lime. Nevertheless, 
tins second pioces* is the more gene- 
rally followed, and the results to 
which it leads become more and 
more satisfactory. 

By a proper regulation of the 
pioportions, a degree of energy may 
in* given to the factitious lime, 
which will render it equal, if not 
superior, to the natural hydraulic 
limes. 

It is usual to take twenty parts of 
diy clay to eighty parts of very rich 
lime, or to one hundred and forty of 
carbonate of lime. But if the lime 
or its cuibonate should already be 
at all mixed in the natiual state, 
thm fifteen part* of clay will be suf- 
fi« lent. Moreover, it is proper to 
dUeimine the proportions for every 
locality. In fact, all clays do not 
rc'cnible one another to such an ex- 
tent an to admit of their being con- 
sidered as identical : the finest and 
softest are the best. 

The ai tifieial hydraulic limes are 
intended to supply the place of the 
natural ones in tho^e countries where 
the argillaceous limestone is entirely 
wanting, and they are consequently 
sold in Paris and other continental 
cities. 

Lime-tree (the) is common in Eu- 
rope, attains considerable size, is very 
light-coloured, fine and close in the 
giain, and is used in the conati lic- 
it ion of piano-furtes harps, etc. : it is 
particularly suitable for carving, 
from its even texture and freedom 
fiom knots. The works of Gibbons 
at Windsor Castle, and in St. Paul’s, 
London, are of the lime-tiee. 

Limning, a term formerly applied to 
portrait-painting, is drawing or 
painting the body and limbs of the 
human figure. 

Limoges, a kind of surface enamel- 
ling, which represents gems by the 
use of small globule* of transparent 
colour over silver tinsel. It takes 
its name from Limoges in France, 
where it was brought to perfection 
in the fifteenth century. Liraoge is 
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also applied to a variety of earthen- 
ware known by its glaze. 

Linch-pm, the small pin, in carts, etc., 
that is put at the ends of the axle- 
tree to confine the wheels on them 
steadily. 

Linear perspective is that which 
describes or represents the position, 
magnitude, form, etc., of the se- 
veral lines or contours of object*. 

Linen, a doth manufactured from the 
fibre of flax. About 400,000 tons of 
this fibre are grown annually. 

Link-motion, an arrangement for 
reversing steam-engines: it i* u-ed 
in locomotive engines instead of the 
reversing forks, and condits of a 
link with a slot from end to end, 
into which a guide-block fits, and 
is connected to the slide-valve rod : 
the rods of the two eccentrics are 
connected one to each end of the 
link, which is raised or lowered, or 
held in a central position, by appa- 
ratus attached to the o-ntie <4 it, 
moved by the reversing leva*. 
When the link is in a central po- 
sition with regard to the slide-valve 
lod, the guide-block remains station- 
ary, as it is then at the centre upon 
which the link vibrates. When the 
link is up, the guide-block is at the 
lower end, and the slide reeei\es 
motion from the backward eccentric. 
When the link is down, it receives 
motion from the forward eccentric. 
See plate 8, elaborately drawn and 
explained in Vol. 79*, in ‘ Weale's 
liudimentary Series.’ 

Links, in locomotive engines , are flat 
or round pieces of iron with round 
holes at each end : they are used 
to connect together, by bolts, ditle- 
rent parts of the mechanism of the 
engine. 

Linseed oil, an oil obtained from lin- 
seed by pressure. It has the fullest 
body and dries better or oxidises more 
readily than any of the three oils 
(linseed, nut, and poppy) in use with 
artists ; its colour is a strong yellow, 
but this ellect does not arise horn the 
action of the fire in extracting the oil, 
but from the pellicle which covers the 
grains, and which contains a strong 
colouring matter soluble in oil. Lin- 
seed oil, cold drawn, is equally co- 
loured with the other sorts, but, like 
the yellow of wax, this colour is re- 
moved by exposure to the sun. 


Lintel, a piece of timber or stone 
placed horizontally over a doorway 
or -window, to support the superin- 
cumbent weight. — ‘ And ye shall 
take a bunch of hyssop, and dip it 
in the blood that is'in the basin, and 
strike the lintel and the two side- 
po-th with the blood that is in the 
ba-in; and none of you shall go out 
at the door of his house until the 
morning / — Exodus xii. 22. 

Liquation, a metallurgical process of 
sweating out by heat an easily 
fusible metal from one which is 
more difiieult of l'udoii.- 

Liquid rubiate, or Liquid madder 
lake, is a concentrated tincture of 
madder, of the most beautiful and 
peiicct lose-colour and transparency. 
It is used as a water-colour only in 
its simple state, diluted with pure 
water, with or without gum; it 
dries in oil. by acting as a dryer to 
it. Mixed or giound with all other 
madder colours, with or without 
gum, it forms combinations which 
work freely in simple water, and 
produce the most beautiful and per- 
manent elleets. 

Litharge, yellow protoxide of lead, 
produced by passing a regulated 
eunent of air over melted lead. 

Lithia, the oxide of lithium. This 
was found in large quantities in a 
hot spring rising at the extreme 
depth of Clifford Amalgamated 
Mine in Cornwall, and also in other 
hot springs. Lithia is manufac- 
tured in large quantities from lithia 
mica for medical purposes. 

Lithium, a brilliant white metal dis- 
covered in 180-8 by M. Arfwedson in 
a mineral called potatite. It has 
since been found in other things, but 
in such small quantities that it has 
not been applied to any practical 
purpose. (Sec Metals.) 

Lithoehrome, or Chromolitho- 
graph, a coloured lithograph. (See 
Lithograph g.) 

Lythoglyph, an engraved gem. 

Lithography, the art of drawing and 
engraving on stone, and taking im- 
pressions fiom the same at press, 
similarly to copper-plate printing, 
but differing in manipulation. 

Lithostrotum, a pavement com- 
posed of small pieces of coloured 
marble. 

Lithotint, a process of drawing upon 
2bif 
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'fepe, invented by Hardwicke, now 
ly.it seldom used. 

Little winzs, in mining, an under- 
ground shaft, sunk from the hoii- 
zontal drift, by which the top of the 
winzs communicates with the side 
or bottom of the great working shaft. 
Lixiviation, the process of removing 
by water any salt, K -mh as alum, 
fiom the impure material with which 
it is combined, 

Lixivium, the liquor dinwn off fiom 
the substances containing, the -alt 
which lias been clisvlved out. 
Llama, a kind of camel belonging to 
South America. (See Alpacn.) 
Lloyd’s Register. Lloyds mles for 
British and foreign shipping exert 
a most essential and powerful in- 
fluence on the construction and 
science in the building of shipping 
of this country as well as those of 
continental and transatlantic maii- 
time nation*. Insurances fiom lo-s 
can only he made at Lloyd's by con- 
forming to the mles laid down by 
competent survevois. See Vol. 51* 
in ‘ AVeale’s Rudimentary Serio-.’ 
Load, the quantity contained in a 
load of various materials differs con- 
siderably. 

A load of coals at 
Newcastle h . 

„ Moipeth 

„ in Lancashire „ 

„ Com „ . 

., Straw ,, . 

„ Ilav „ . 

„ Bricks ,, , 

,, Mortar .. . 

„ Timber 1 i) oil 
plank . 

» ,, •» .. . 

„ - -i , . 

Load of ore, in mining , in Derby- 
shire it is the quantity of lead oie 
contained in nine dishes. 

Load water-line, the mark on a 
'■hip which the water makes when 
she is loaded. 

Loam, a natural mixture of sand and 
clay: in the neighbourhood of Lon- 
don, loam cou-isl-j of line reddish- 
grey sand 87 parts, alumina 13 parts 
« 100 . 

Lobbs, in mining, subterranean stairs. 
Local colours are such as faithfully 
imitate those of a particular object, 
cr such as are natural and proper for 
258 


each particular object in a picture ; 
and colour is distinguished by the 
term trial, because the place it fills 
requires that particular colour, in 
order to give a greater character of 
truth to the several colours around it. 

Lock, a mechanical contrivance to 
fa-ten a door, gate, or any place or 
anything for security. A vast deal 
ot ingenuity has been exercised to 
pi event false openings: keys of va- 
i imis kind- are made to fit the wards 
(interior contrivance*), and prevent 
w hat is called picking, the key being 
made only to suit that lock belong- 
ing to the possessor. 

Lockrand, a course of bond stones, or 
a bonding com so, in masonry. 

Locks for canal and river navi- 
gation. The earliest approxima- 
tion to what is now' known by the 
name of lock, consisted of a simple 
dam formed acioss the bed of a river, 
so as to raise the water to such a 
height a* to allow vessels to float 
along it. Where the river had a 
coii-nlerable fall with a strong cur- 
rent, it was ncees-ary to have these 
dams at short ch-tances from each 
other, otheiwi-e the requisite depth 
of water could not be obtained. As 
he whole f pace be tween two of these 
dams was in fart the lock, it was 
necessary, in pa-ring from one level 
to another, to run down the water 
for the whole of that distance, there- 
by causing considerable delay, and 
a waste ol water that would now' be 
considered a serious evil. In China 
these dams are common, and they 
have also been used on the Conti- 
nent. See Yol. 121 of 4 Weale's 
Rudimentary Series.’ 

Locks with a double set of gates, 
but no chamber-wall-, arc now of 
oidinary construction. The evils 
attendant on the dams formerly con- 
st] ucted weie in a great measure re- 
linked by the introduction of double 
s« t- of gates or sluices, the upper set 
being constructed so near to the 
lower a.- only to leave room enough 
fortlie vessel or ves-eL to float be- 
tween them. Li amed gates weic 
al-o u-cd instead of separate beams 
and plank-, because the space to be 
emptied or tilled was so small that a 
veiy short time was required to pass 
the water, and there was no stream 
of sufficient strength to prevent their 


. 1 ton of 20cwt. i 
15 or 10 cwt. 

. 25 cwt. 

. 40 Lu-heR 
. 11 cwt. 04 lb-. 

. 10 cwt. 3*2 lb-. 
500. 

. 27 feet. 

. 000 square feet. 

. 200 

. 150 „ 
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being easily opened. Where these 
locks are intended for river?*, it is 
usual to make a side cut or artificial ( 
canal for the purposes of the naviga- 
tion, and to leave the river-course for 
the passage of the surplus water. A 
quick bend of the river is generallv 
chosen for one of these cuts* ; and to 
keep the water in the upper part of 
the river to a sufficient height for 
navigation, a dam or weir is made 
across the old river-com se at or be- 
low the point where the artificial cut 
quits it. The lock is then built at 
the most convenient part of the cut, 
aud its fall made equal to the differ- 
ence in the levels ot the water at the 
top and at the bottom of the dam or 
weir. When a vessel i* going up 
the river, she floats along* - the cut. 
and passes between the lower gates 
into the lock ; the lower gates are 
then closed, and the valves or paddles 
of the upper gates being opened, the 
water flow’s into the lock, and ii>es 
to the level of the upper part of the 
river; the upper gates are then 
opened, and the vessel floats out of 
the lock. The reveise of this 
operation conducts a vessel down 
the river. 

The abutments for the gates have 
been made of timber, brickwork, 
and masonry ; but when the double 
set of gates was first intioduced, it 
was usual to leave the space between 
the upper and lower gates unpro- , 
tected by either timber or any kind 
of building. Of course the agitation 
cf the water in the lock was con- 
stantly washing away the earthen 
banks, thereby causing a ri>k of 
their being bruken down by such 
continued weakening ; and by en- 
larging the space between the two 
sets of gates, it occasioned a loss of 
time in empt\ ing and filling, as well 
as a waste of water. 

The difference of altitude between 
the upper and lower levels where 
the locks are constructed, varies 
according to local circumstances 
Where the ground is longitudinally 
steep and water plentiful, the locks 
are generally made of greater lift or 
fall than where the ground is com- 
paratively flat and water scarce. It 
is evident, that where the super- 
ficial area of locks is the same, one 
having a rise of 12 feet would re- 


quire twice the quantity of water to 
fill it that would be requisite for 
one of 6 feet. Having many locks, 
howecer, of small lifts, instead of a 
few of greater, increases the ex- 
pense, as well as the time for passing 
them. 

For narrow canals these locks are 
generally made about 80 feet long, 
and 7h to 8 feet wide in the cham- 
ber. On the Caledonian canal they 
are 180 feet long, 40 feet wide, and 
So feet deep. Locks are also made 
of every intermediate size. 

Lock-gates have till lately been 
made of timber: but in consequence 
of the difficulty of procuring it of 
sufficient size fur those on the 
Caledonian canal, cast-iron was 
partially adopted for the heads, 
heel-*, and ribs. Iron gates, cast in 
one piece, have been used on the 
Lllesmere canal, as well as others 
with cast-iion framing and timber 
planking. 

When water is scarce, it is com- 
mon to construct locks with side 
ponds, by which a considerable por- 
tion of t he water (in general one- 
half) L saved. The usual number 
of these ponds is two ; for it has 
been determined by experience, that 
when a greater number has been 
made use of, the loss occasioned by 
leakige and evaporation has some- 
times been more than equal to the 
additional quantity of water thus 
retained. 

^ here vessels of different sizes 
have to pa*s the same locks, three 
pairs of gates are' sometimes placed 
instead of two, — the distance be- 
tween the upper and lower pairs 
being sufficient to admit the larg- 
c>t vc>sels, and that between the 
upper and middle pairs being 
adapted to the smaller class. By 
this contrivance, when a small 
ve-M-1 is to be pa>-ed through, the 
loui'd pair of gates is not u«ed ; and 
whin a large vessel goes through, 
the middle pair of gates is not 
worked. Thus it is evident that the 
quantity of water contained between 
the middle and lower pair of gates 
is saved when a small vessel passes, 
compared with what would be re- 
quired were the middle set of gates 
omitted. 

Where the transit is great, much 
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time and water may be saved by a 
double-transit lock, which is two 
locks placed close to and parallel 
with each other, with a communi- 
cation between them, which can be 
opened or cut off at pleasure by 
valves or paddles. 

As one of these locks is kept full 
and the other empty, a vessel in 
descending floats into the full one : 
the upper gates are then closed, and 
the water is run, by mean's of the 
connecting culveit. into the empty 
lock (the gates of which were pre- 
viously closed), till the water in the , 
two locks ih on the same level, which 
will be when each is half-full : the 
connecting paddles are then closed, 
and the remaining half of the water 
in the descending lock is run into 
the lower canal. The next descend- 
ing vessel has to be floati d into the 
lock which remains half-tilled, and 
which consequently requires only 
half a lock of water to be run from 
the upper pond to raise it to the 
proper level, and then that half is 
transferred to the lock previously 
used, to serve the next descending 
vessel; but supposing a vessel to be 
ascending after the iiist descent, it 
will enter the empty lock, and iecei\ e 
a quarter-lock of water fiom that 
which remained half tilled ; of coui»e, 
three-quarters of a lock of water F 
now required from the upper canal 
to complete the tilling. If a descend- 
ing vessel next follows, it enters 
the full lock, and its water is run 
into the lock which was previously 
left a quarter-full ; and when both 
have arrived at the same level, it is 
evident they will be each live-eighths 
full, and the succeeding descending 
vessel will require only three-eighths 
of a lock of water from the upper 
pond or canal. From tliC'C obser- 
vations, it will be seen that the 
double-transit lock saves nearly one- 
half of the water which a common 
single lock would require. 

Sometimes the two parallel lucks 
are made of different sizes, to suit 
the various descriptions of vessels 
that may have to pass. 

When loss of water is of con- 
sequence, a considerable expense 
is sometimes saved by placing the 
locks close together, without any 
intermediate pond ; for by passing 


from one immediately into the other, 
there is only required one pair of 
gates more than the number of locks 
connecter!, besides a proportionate 
saving of masonrv. Thus eight con- 
nected locks would only require nine 
pahs of gate* ; whilst if they were 
detached they would require sixteen 
pairs. But to show that these can- 
not be adopted with pioprietv ex- 
cepting whore vnt*T is abundant, it 
is ne *os=aiy to observe, that every 
two alternate ascending and de- 
s endiug vessels will require as many 
loekful* of water as there are locks : 
foi instance, if a vessel has just as- 
cended, it has left all the locks full ; 
a descending vessel then enters the 
upper lock, and when its gates are 
elo-ed, the water is 1 un down : but 
all the locks below being previously 
tilled, they cannot contain it, and it 
consequently pn?-es over the gates 
or weirs of all of them into the lower 
canal: the ve-sel has by this means 
de-cended to the level of the second 
Wk, the water in which must also 
be inn into the lower canal, for the 
same reason as already stated. When 
the water of all the* locks has thus 
been run down, an ascending vessel 
will require all these locks to be 
filled from the upper canal, which, 
however, will be retained in the 
locks ready for the succeeding vessel 
to pass down. From this it will be 
evident, that where eight locks are 
connected, a descending vessel draws 
no water from the upper canal, be- 
cause the locks are previously all 
filled, but it empties eight locks of 
water into the lower canal: an as- 
cending vessel, on the contrary, 
empties no water into the lower 
canal, because all the locks were 
previously emptied, blit it draws 
ciiiht lockfuls from the upper canal, 
in order to fill them : consequently, 
the passing of one ascending vessel, 
and one descending, requires the ex- 
penditure of eight lockfuls of water. 

Other modes of pacing vessel? 
from one level to another, by sub- 
stituting maohineiv, either wholly 
or in part, have been adopted ; but 
tlie-e have either failed entirely, or 
have not been brought into general 
use. 

Locomotive steam-engines, a class 

of travelling machines adapted either 
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tor rail ways or common roads. These 
were originally designed for the latter, 
but not succeeding, roads were 
then made for them, called railways, 
on which they have been most suc- 
cessful. The principle of action being 
the ^ame in both kinds a description 
of the railway variety wrill ex pi iin 
the manner in which ping revive 
motion is obtained by the agency of 
6tcam. 

Locomotion or progression is the 
combined etlect of a number of parts 
in each engine performing separate 
duties. The principal of these parts 
ancl the plan of their co-operation 
may be thus classed : 

Ibtl The parts which generate the 
steam. 

2nd. The parts which regulate the 
employment of the steam. 

3rd. The parts by which the driver 
controls the action of the engine. 
4th. The parts immediately con- 
cerned in producing locomotion. 
5th. The pai ts which excite the rapid 
combustion of the fuel. 

Cth. The parts which supply water 
to the boiler. 

7th. The parts which support the 
engine on the rails. 

8th. The manner in which locomo- 
tion is produced by thc^c parts 
In explaining them and their effect 
as thus arranged, we have 
1st. The parts which generate the 
steam, called the boiler, containing 
internally a fire-box, varying accord- 
ing to the dimensions of the engine 
from 25 (as in the ‘ J locket ’) to 3UJ 
small tubes (as in the broad gauge 
engines), a regulator, and a steam- 
pipe. Externally, a chimney and two 
safety-valves are fixed to the boiler. 

2ndly. The parts which regulate 
the employment of the steam are, 
two side-valves (covering the pas- 
sages to and from the cylinders), at- 
tached to two sets of ‘ valve-gear,’ 
■worked by tw'o eccentrics for the 
* forward * and two other eccentrics 
for the ‘backward’ motion of the 
engine; but only two of them work 
at one time, the other two being what 
is called ‘out of gear.’ Four rods 
called eccentric-rods, encircling the 
eccentric- sheaves at one end, and 
icinted to the slide-valve gear at the 
other end, complete the connection of 
the slide-valves to the eccentrics 


fixed on the axle of the driving 
wheels. 

Srdly. The parts by which the 
driver controls the action of the 
engine are, three sets of levers and 
rods connected to the slide-valve 
eccentric-rods, regulator-valves, and 
feed-pipe cocks, whereby he can ‘put 
c>n ’ or ‘ shut off’ steam to the cylin- 
ders. water to the boiler, or place the 
slide-valves in a ‘forward ’ or ‘ back- 
ward’ position at his pleasure. These 
arrangements aie usually called the 
‘ hand-gear.’ 

4thly. The parts immediately con- 
cerned in producing locomotion are, 
two cylinders, on which work two 
^team-tight pistons, fixed on the 
end of the piston-rods. On the open 
end of the piston-rods are also fixed 
T -pieces, called cross-beams, which 
slide between or round guide-bars, 
called motion-bars, fixed parallel 
with the C} liiulcrs. By this means 
the pistons can only move in a right 
line with the cylinders. Two strong 
rods, called connecting-rods, attach 
the cross-heads to the driving- 
wheels to a cranked axle when there 
L one ii'cd. Whether the pistons 
are connected to a cranked axle or 
to the arms of the driving-wheels, 
this connection is always made at an 
angle of 45 degrees to each other; 
thciefore the one piston is in the 
centre of the cylinder exerting its 
greatest power during that part of 
the stroke when the other piston is 
at the end of the cylinder exerting 
no power. (This excellent arrange- 
ment was amongst the first improve- 
ments inti educed by the late Air. G. 
St* phensnn, in 181 1, who thus placed 
the locomotive in the same high 
position, as to efficiency, as was 
previously done for fixed engines by 
Watt.) The connection being thus 
completed between the pistons and 
the driving-wheels, it is evident that 
any movement of the one must im- 
mediately act upon the other. 

5thly. The parts which excite the 
rapid combustion of the fuel required 
in locomotive engines are, the chim- 
ney and a pipe called the blast-pipe, 
so made as to cover the exhausting 
passages from both cylinders, and 
terminating in the centre of the 
chimney, near the level of the top of 
the boiler. It is the escape, through 
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this pipe, of each succeeding cy lin- 
derful of steam, or that portion of it 
allowed to escape by the *lide-valvcs, 
which causes the ‘beats * or ‘ pulsa- 
tions 1 so di-tiiictly audible when the 
locomotive is at work. 

Gtlily. Xfie paits which supply 
water to the boiler aie. two loice- 
pumps conn ecte« 1 by two feed-pumps 
to the boiler, and to a reservoir of 
water. The pumps are woiked 
either fiom the cross-head, or from 
eccentrics on the axle of the driving 
wheels. 

7 1 lily. The parts which support 
the engine are 2, 4, or 0 wheels 
besides the driving-wheels, a set of 
springs and a strong frame on which 
the boiler and machinery are sccuicly 
fixed, 

Stilly. The manner in which lo- 
comotion is produced from the co- 
operation of these several part* is .as j 
follows. The boiler is rilled with 
water until it completely suriuimd* } 
all the tubes and inside fiie-box. j 
Fire is then applied, and in due time 
steam is generated from the water | 
and collected between the surface of 
the water and the top of the boiler, 
until it has reached the presume re- 
quired. On the regulator being then 
opened, and the slide-valves plaml 
in their working petition by the 
driver, the steam parses from the 
boiler through the steam-pipe to 
the cylinders, where its force moves 
the pistons, which, being attached to 
the di iving-wheels (as lias been ex- 
plained), causes them to revolve, and 
thus produces locomotion. The slide- 
valves and pumps being wrought 
from some pait set in motion by the 
piston, regulate the adinPMon of 
steam to the cylinder, and of water 
to the boiler. When the steam has 
moved the piston to the end of the 
cylinder, a pas-age is opened for it< 
escape to the atmosphere thiough 
the blast-pipe, and the velocity of 
this escaping steam creates a pai tial 
vacuum in the chimney, cau-ing a 
rush or ‘ bla-t ’ of air thiough the 
liie to rill this vacuum ; which blu^t 
excites the rapid combustion of the 
fuel, and consequent rapid generation 
of steam. This completes the duties 
of one admission of steam to the cy- 
linders, until its escape to the atmo- 
sphere; and when this escape has 


taken place, another admission of 
steam, to the opposite side of the pis- 
ton. forces it back to the other end of 
the cylinder ; and by the medium of 
the crank, the reciprocating motion of 
the piston is converted into a rotatory 
one, ami the locomotion begun by 
the first admission of steam to the 
cylinders is continued by the second 
and succeeding admission*. 

The repetition of the*c simple ope- 
rations has amazed and gratified the 
world, by safely convex ing heavy 
p i— enger-tiains at (JO miles an hour, 
and meieliaiulisc trains of GUO tons 
weight at 23 miles per hour! — the 
mere idea of which, "not many years 
>mc<\ would have been regarded as 
purely fabulous. 

The Ur*t idea of using steam for 
propelling carriages is generally as- 
eiibui to Dr. Robwm, in 1730, when 
it was suggested by him to Watt, 
w ho included a steam-carriage in his 
patents of 17G9 and 1784, but never 
lanied them out. In 17SG, Oliver 
Evans, of Philadelphia, had clear 
perceptions of the advantages of ap- 
plying steam to waggons, boats, and 
mills; but the want of friends and 
means compelled him to confine his 
exert ion* t«, -team-mills. From 1802 
to 18o,'), Tievithiek applied steam- 
taniag* to both common roads and 
railway-, with considerable success 
for rir-.t experiments ; and his engine*) 
with Stephenson's improvements, is 
noxv the modern locomotive. About 
the year 18 n 3, it appears that a Mr. 
Frcdcii«‘k> nHo made a steam-engine 
for a silver-mine in Hanover, which, 
in 1811, was employed to convey 
their Majesties and suite of West- 
phalia over the mineral railway at 
considerable speed. This was prob- 
ably the fir-t royal trip on a railway. 
From 1803 up to 181 1, invention was 
directed to insure the adhe-ion of the 
wheels upon the rail* ; and many in- 
genious plans were tried, 'some of 
which "Ucc ceded well at slow' speeds, 
but were not calculated for high 
velocities. Tn 1814, however, Mr. 
Placket t, of the Wylam Railway, 
reverting to Trevithick’s plan, fully 
established the fact, that on a level, 
or moderately inclined railway, the 
adhesion of a smooth iron whcil 
upon a smooth iron rail was suffi- 
cient to draw heavy loads. He tried 
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both six and eight wheeled engines. 
In 1814, Mr. Stephenson introduced 
two cylinders, or two complete steam- 
engines, to one locomotive. From this 
time up to 1829, the powerful oppo- 
sition of the owners of other modes 
of conveyance greatly retarded the 
progress of the locomotive engine ; 
and so strong was the feeling that 
they were not economical, that both 
Mr. Walker and Mr. Ru^ trick re- 
ported against them, in 1829. These 
reports, and one of a doubtful charac- 
ter by Telford, led to the oiler of 
a prize of «€o00, in 1829, by the di- 
rectors of the Liverpool and Man- 
chester Railway, for the best locomo- 
tive engine, whose weight was not 
to exceed G tons. This proceeding 
gave an important impulse to loco- 
motives, and ended in establishing 
their superiority over all other exist- 
ing systems of travelling. Five 
competitors appeared, namely, Messrs 
Stephenson, Ericsson, Mackworth, 
Burstal, and Brundretli. The ma- 
chinery of the two hiot was not 
suitable, and did not proceed to tiial. 
Mr. Stephensons ‘Rocket,* Mr. 
Ericksons ‘Novelty,’ and Mr. 
Ilockworth’s ‘ Sanspareil,’ -were all 
tried, and the prize was fairly won 
by the * Rocket,’ which, after the 
trials were over, reached a speed of 
8.3 miles per hour, and the ‘Novelty’ 
about 24 miles per hour. 

The ‘ Rocket ’ embraced the fire- 
box, tubes, and blast-pipe of the 
modern locomotive. 

The ‘Novelty 1 embraced tbe plan 
now much used on short lines °f 
carrying engine, fuel, and water, all 
on one frame. 

The ‘Sanspareil’ embiaccd the 
blast-pipe of the modern engine, with 
the single returned tube of the older 
locomotives. From this it will be 
seen that this competition at gnee 
brought out the leading features 
which have since rendered the loco- 
motive engine so popular throughout 
the world. 

From 1830, up to the introduction 
of the 7-feet gauge on the Great 
Webern Railway, in 1838, no 
marked improvement took place in 
the locomotive, but the rivalry which 
sprang up between the gauges 
served greatly to develope their ca- 
pabilities. 


Engines of a novel construction, 
having the boiler on one frame and 
the machinery on another frame, 
were tried on the Great Western 
Railway ; also engines embracing 
Trevithick's plan of working the 
driving-wheels by toothed wheels, 
fixed on a separate cranked axle, 
were tiled, but all abandoned for 
engines modelled from one of 
Stephenson's ; and the la^t new 
Great Western engines only follow up 
his latest improvements and Gray’s 
expansive slide-valve motion on a 
large scale. 

A number of patents have been 
enrolled for improving the loco- 
mot ivc engine, but a few only have 
been reduced to practice. 

Amongst the more conspicuous 
of them are, Mr. Stephenson’s im- 
provement* in the slide-valve mo- 
tion ; Mr. Gray’s expansive mo- 
tion ; Mr. Crumpton’s arrangement 
of wheels; Mr. Bodmer’s arrange- 
ment of four pistons in two cylin- 
ders ; Mr. M ‘Connell’s tank engine; 
Mr. Samuel's express engine ; and 
Mr. Adam’s steam-carriage. The 
improvements in the mechanism 
the slide-valve motion, by MessE 
Stephenson and Gray, have beeB 
widely adopted. Mr. Cramp top: 
has engines of his plan at wdE 
both in England and on the OK 
tinent, which enable high dri^E- 
wheels to be used on the nBrow 
gauge, without raising thdEntre 
of gravity. (For popul^BFescri p- 
tion and illustration, see ^Rs. 7S* and 
79* ‘ Weale's Rudimentary Series.’) 

Mr. Bodmer’s plan is to admit 
the steam between two pistons in 
one cylinder acting on two cranks, 
so as to compensate the* strain on 
the frame and machinery. His 
engines work steadily, and are L*- 
genious in construction. 

The tank engine carries on the 
.same frame water and fuel, its tank 
for water being placed on the top 
of flic boiler. This is the plan 
adopted on the Great Western Rail- 
way ; but on narrow-gauge lines 
the tank is usually placed below 
the boiler and framing, — a better 
arrangement, where the machinery 
permits it to be done. 

Mr. Samuel’s express engine 
weighed only 25 cwt., and con- 
203 
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«?yed seven passengers at the rate 
of 30 miles per hour on the Eastern 
Counties Railway. 

Mr. Adam’s steam -carriage is on 
this plan, with a vt-rv handsome 
carnage for passengers all on one 
frame, and has been tried on some 
of the branch railways of both 
gauges. 

Ila\ing thus briefly gla need at 
the pi ogres* of the locomotive en- 
gine, it only remains as bi icily to 
notice some impoitant dLcii-duns 
which have agitated the mechani- 
cal world regarding them. 

From the earliest introduction of 
locomotives, four, six, or eight 
wheels appear to have been used, 
according to the designs of the ma- 
kers; but about 1840-1-2, an ani- 
mated discussion of the respective 
merits of the four and six wheeled 
engines was carried on in the co- 
lumns of the railway pres*. Roth 
classes have their merit*, and both 
daises had able advocate*, but pub- 
lic opinion evidently tended in fa- 
vour of the six- wheeled engine a* 
the safer of the two under all con- 
tingencies : hence the greater pro- 
portion of the present locomotives 
have six wheels. 

The gauge controversy of 1815— 
6-7-8 led to the re-introduction of ; 
eight-wheeled engines on both 


gauges, weighing about 3G tons 
each, which realised speeds of about 
sixty and seventy miles per hour. 
The weight of the*e monster en- 
gines, it will be observed, is more 
than eight times that of the ‘ Rocket ’ 
(4£ tons), which won the prize in 
1829, whilst the speed is only twice 
that of the ‘Rocket’ (thirty-live 
mile*) at that time. It is worthy 
of remark, that in 1829 the exist- 
ing engines of 10 to 1 tih tons were 
considered as far too heavy, and the 
Liverpool and Manchester directors 
bound competitors not to exceed six 
tons weight. In 1819, the same feel- 
ing prevailed, and the injury done 
to the railway by these 36-ton en- 
gines is much complained of, and 
tank engines and steam carriages 
emhodv this feeling in practice. 

George Stephenson found the loco- 
motive a very imperfect machine j 
he left it in that efficient state that 


even 13i unci could 
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plans for the 7-feet gauge. This 
is another testimony to that far- 
seeing intellect which so early 
grasped the principal requisites for 
an efficient locomotive, and whose 
genius coped with and overcame 
the leading engineers of Englaud, 
in 1829, by establishing both loco- 
motives and tli j Liverpool and 
Manchester Railway against all op- 
position, and from which sprang 
that system of railways which has 
added so immensely to the resources 
of the nation — ay, of the woild. (See 
Railways,') 

Locker, a small closet or cupboard : 
lockers were used in churches to hold 
sacred relics. 

Locust-tree (the) of North America 
is of a greenish yellow ; is tough and 
durable, and used for trenails for 
ship>, for posts, stakes, paling, etc. 

Lode, in mining, a vein of ore. 

Loft, a room in the roof of a building; 
a store-room in a theatre ; a deposi- 
tory for hay and corn in a stable : a 
mu de-loft ; a singing-loft; a rood- 
loft in a chinch. *" 

Lofty tin, a Cornish Miner's term, 
rich, massive, and rough tin. 

Log, in navigation, a small triangular 
piece of board balanced by a thin 
plate of lead so as to swim perpen- 
di< ularly, and, being fixed to a line, 
L used tor measuiing the ship’s way. 

Logarithms are the artificial numbers 
used to facilitate or abridge arith- 
metical calculations, and may be 
considered as expressing the rela- 
tion between an arithmetical and 
geometrical sciies of terms, or 
between ratios and the measures ot 
ratios, and are the indices or expo- 
nents of a series of numbers in geo- 
metrical progression. The origin 
and nature of logarithms may be 
easily explained. 

In arithmetical series the quan- 
tities increase or decrease by the 
same difference, but in a geometrical 
series they increase or diminish by t 
common measure. The tirst of the 
following lines exhibits an arith- 
metical progression; all the other 
lines are examples of geometrical 
piogrcsdon. 

1 — 0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 . 

2— 1, 2. 4, 8, lfi, 02, 04, 128, 266, 

ol2. 
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3— 1, 3, 9, 27, 81, 243, 729, 2187, 

6561, 19683. 

4— 1, 10, 100, 1,000, 10,000, etc. 

Here consider the upper line as 

the index to all the rest ; every term 
of it is the logarithm of a correspond- 
ing term in each of them ; and it is 
evident that an infinitude of other 
lines, or any one of the same lines, 
varying the point of commencement, 
and containing numbers in geometri- 
cal progression, might be added, to 
all of which the same arithmetical 
series might furnish logarithms. 

Logeum, the pulpitum or wooden 
stage of a theatre, placed upon the 
proscenium or permanent stage. In 
the Greek theatre the pulpitum 
extended into the orchestra beyond 
the proscenium. 

XiOggia, the corridor or gallery of a 
palatial building. 

Logium, a hovel or outhouse. 

Logwood, from Campeachv, Jamaica, 
Honduras, etc., is largely used as a 
purple or dark-red dye-wood. 

Lombardie Architecture, a style 
which immediately succeeded the 
decline of the Roman style. 

Iiombardic School of Painting. 
The distinguishing characteristics of 
this school are, grace, an agreeable 
taste for design, without great cor- 
rectness, a mellowness of pencil, and 
a beautiful mixture of colours. An- 
tonio Allegri, called Correggio, was 
the father and the greatest ornament 
of this school : he began by imitating 
nature alone, hut as he was chiefly 
delighted with the graceful, he was 
careful to purify his design ; he made 
his figures elegant and large, and 
varied his outlines by frequent un- 
dulations, but was not always pure 
and correct, though bold in his con- 
ceptions. Correggio, painted in oil, 
a kind of painting susceptible of the 
greatest delicacy and sweetness ; and 
as his character led him to cultivate 
the agreeable, he gave a pleasing, 
captivating tone to all his pictures. 

London white, a pure white lead 
prepared with care, and ground to a 
state of considerable fineness. (See 
White Lead.') 

Longitude, length ; the distance of 
any part of the earth, east or west, 
from London, or any other given place 

Long timbers, in ship-building, those 
timbers in^ the cant bodies which 
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reach from the dead-wood to the 
second futtock-head. 

Loobs, tin slime or sludge. 

Loof, in navigation , pronounced luff, 
a term applied when a ship going 
large before the wind, is brought 
close by the wind ; to put the helm 
towards the lee -side. 

Loop, a part of a block of cast-iron, 
broken or melted off from the rest. 

A rail of bars joined together 

like a gate, to be removed in and out 
at pleasure. A hinge of a door. 

Loop-hole ,a narrow opening or cre- 
nelle used in the battlements of the 
castles of the early English. 

Lord of the landf in Cornwall, the 
person in whose land a mine is. The 
‘ Lord ’ reserves to himself a certain 
portion for granting liberty to work 
the mine in his laud. This is the one- 
sixth, one-seventh, or one-sixteenth 
of the ore raised, or of the value of 
it, or any other proportion, free of 
expense, and called the 1 dues’ or, in 
Derbyshire, the * dish.’ 

Lord’s mear, in mining , in Derbyshire^ 
one mear of ground that always be- 
longs to the lord of the mine. 

Lorication, the filling of walls with 
mortar. 

Lot, in mining, a certain portion of 
the ore which is reserved for the lord 
of the mine for protecting the miners’ 
privileges. 

Louchette, a kind of spade, or rather 
a collection of spades, used for cutting 
turf under water. 

Lough, in mining, a natural opening 
in the mine lined with bunches and 
knobs of ore. 

Louvre, a lantern ; a turret on the 
roof of an ancient hall or kitchen 
for the escape of smoke and for ven- 
tilation, now made an ornamental 
and pleasing object. 

Low-pressure engine. Low-pres- 
sure steam-engine is when the steam- 
engine is worked at a low pressure of 
steam, when the steam is drawn off 
into a condenser apparatus. (See 
Steam-engine.) 

Loxodromics, art of oblique sailing : 
by the rhomb, which always makes 
equal angles with every meridian. 

Lozenge, in geometry called a rhomb, 
and when the sides are unequal, a 
rhomboid ; in heraldry, a four-cor- 
nered figure, resembling a pane of 
glass in old casements. 
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Lozenge moulding, a name given 
to the Norman style of mouldings 
and ornaments, which are shaped 
like lozenges. 

Lubricate, to make smooth or slip- 

pery. 

Lubricator, an oil-cup or other con- 
trivance for supplying oil or grease 
to rubbing surfaces, in order to di- 
minish friction. 

Lucerna, an oil-lamp. The Greeks 
and Romans originally used candles ; 
but in later times these were chiefly 
confined to the houses of the lower 
classes. 

Lugs ail, in navigation , a small sail 
hoisted occasionally on the mast of 
a boat or small vessel. 

Lunette, a small semicircular window 
above a square one, bounded by cir- 
cular roof. 

Lute, a clayey or pasty matter em- 
ployed for closing the joints of appa- 
ratus exposed to heat. 

Lyehnus, a lamp suspended, or a 
pendent light. 

Lysis, some member above the corona 
of a podium, introduced in temples, 
and in the scene of a theatre. 
Lythrode, a variety of nepheline, 
used for ornamental purposes. 
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Macchinisti, a school of Italian ar- 
tists, who followed the fanciful and 
exaggerative style, rather than the 
natural. 

Macellum, a market-place for all 
kinds of provisions. 

Maceria, a rough wall. 

Machicolations, openings formed for 
the purpose of defence at the top 
of* castles and fortifications, by set- 
ting the parapet out on corbels, so 
as to project beyond the face of the 
wall. 

Machinas Organa, defined by Vi- 
truvius, in his 10th book, as con- 
trivances for the concentration and 
application of force, which are known 
u names instruments, me- 
chanical powers, machines, engines. 

Machinery, ~ general term applied 


to mechanical combination of parts 
for collecting, controlling, and using 
power, or for producing works which 
may otherwise be, more or less per- 
fectly, made with the hands. The 
first class of these combinations is 
usually distinguished by the name 
of engines ; the second, by that of 
machines. 


.Lngines, or machines for accumu- 
lating and applying power, are distin- 
guished from each other according 
to the material employed in the 
production of their power, as air- 
engines, water-engines, gas-engines, 
steam-engines, electric engines, etc. 

Machines employed in the manu- 
facturing arts are "named according 
to their products, as lace-machines, 
rope-machines, paper-machines; or 
to the processes they perform, a 3 

spinning-machinery, printing-machi- 
nery, sawing-machinery, etc. 

. Ihe materials of which machinery 
is composed are, wood of various 
kinds, iron, brass, copper, and other 
metals, with flexible materials for 
bands, cords, etc, as wool, caout- 
chouc, and leather. 

The several parts of machinery 
are, frames, plummcr-blocks, car- 
riages, bolts and nuts, pins, shafts, 
wheels, pinions, levers, cranks, 
springs, screws, pulleys, riggers, 
bands or belts, aDd cords, etc- 
studs, tappets, wedges, rods, cylin- 
ders, tubes, pistons, valves, buckets, 
floats, weights, beams, racks, chains, 
clutches, winches, etc. (See also 
Aols. 114 and 115, for popular 
elucidation, in ‘Weale’s Rudimen- 
tary Scries.’) 

I he power of engines, as distin- 
guished from machines, depends 
upon the nature of the material from 
which their power is gathered. The 
mere mechanical effect of every 
piece of machinery is calculable 
upon its combinations of certain 
elementary foims, commonly termed 
the mechanical powers, witli deduc- 
tions from the effect of these for 
Ruction between the parts, for rigi- 
dity of parts which are theoretically 
supposed to be peifectly flexible, 
and for the elasticity of parts which 
are supposed to be perfectly rigid. 

ihc mechanical powers, some- 
times described as six in number, 

' iz. the lever, the wheel and axle, 
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the pulley, the inclined plane, the 
wedge, and the screw, are reducible 
to two only, viz. the lever and the 
inclined plane, in each of which the 
effect produced is just as many 
times greater than the power em- 
ployed, as the space through which 
the power moves is greater than 
the space through which the effect 
is continued. Thus, if with a lever 
a weight be raised ten times greater 
than "the weight or power by which 
it is raised, this weight or power 
will have to move through ten 
times as much space as the height 
through which the greater weight is 
raised. 

Madder, a substance used extensively 
as a source of dyes and colours. It 
is the root of the Rubin tinctorium. 
The madder extract is used for a 
considerable variety of colours, as 
purple, black, chocolate, red, pink, 
etc. These colours are obtained by 
extracting the colour of the root 
with water and acting upon it by 
acids or alkalies. 

Madder carmine, or Field’s car- 
mine, is, as its name expresses pre- 
pared from madder. It differs from 
the rose lakes principally in texture, j 
and in the greater richness, depth, 
and transparency of its colour, which 
is of various hues, from rose-colour 
to crimson. 

Madder orange, or Orange lake, 
is a madder lake of an orange hue, 
varying from yellow to rose-colour 
and brown. 

Madder purple, Purple rubiate, 
or Fiold’s purple, is a very rich 
and deep carmine, prepared from 
madder. Though not a brilliant 
purple, its richness, durability, 
transparency, and superiority of 
colour, have given it the preference 
to the purple of gold purple, and to 
burnt carmine. 

Madder yellow is a preparation 
from the madder-root. The best is 
of a bright co’our, resembling In- 

j dian yellow, but more powerful and 
transparent, though hardly equal 
to it in durability of lme ; metallic, 
terrene, and alkaline substances 
acting on and reddening it as they 
do gamboge : even alone, it has by 
time a natural tendency to change 
in appearance. (See Rubiacine.) 

Mteniana, seats in the upper porti- 
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coes of the Roman forum, from 
whence spectators witnessed the 
combats of gladiators. 

Magilp or Megylp, linseed oil which 
has been long exposed to the oxidi- 
sing influences of the air mixed with 
a certain proportion of mastic var- 
nhh. It is much used by artists. 

MngnasG black, a black used for dry- 
ing in oil without addition. 

Magnesium, a metal which is the 
base of the ordinary magnesia of 
commerce. It was first discovered 
by Davy, but it is only of late years 
that it lias been obtained in any 
quantity. It is a beautiful white 
metal. It burn'' very readily, forming 
magnesia, and giving out a beautiful 
light. It has been much used for 
producing scenic effect and for fire- 
works. 

Magnet, a bar of steel imbued with 
that form of electricity called mag- 
netism. It is the ‘ compass-needle * 
of the mariner, and is used in sur- 
veying and other instruments to in- 
dicate the true north. 

Magnetism, a form of electrical force 
which appears to be constantly act- 
ing at light angles to the direction 
of the electrical currents, which cir- 
culate around the earth from E. to W . 
This is the cause which compels a 
compass-nec He or any magnetised 
bar to point X. and S. * 

Mahogany is a native of the West 
Indies and the country round the 
Bay of Honduras It is said to be 
of rapid growth, and so large that 
it'? tmnk oiten exceeds 40 feet in 
length, and 0 feet in diameter. 
Spani'.h mahogany is imported from 
Cuba, Jamaica, Hispaniola. St. Do- 
mingo, and some oilier of the West 
India Blands, in logs from about 
20 to 20 inches square and 10 feet 
long It is do 'C-grain ed and hard. 
There is also African mahogany. 
All t lie species are used for many 
purposes, more particularly for su- 
pe»ior household furniture. Hon- 
duras Mahogany. Specific gravity, 
0’5G ; weight of cubic foot, oo lbs.; 
weight of a bar 1 foot long and 
1 inch square, 0*243 lb. ; will bear 
on a square inch, without perma- 
nent alteiation, 3,800 lbs., and an ex- 
tension in length of -120 ; weight of 
modulus of elasticity for a base 1 
inch square, 1,500,000 lbs.; beignt of 
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modulus of elasticity, 6,570,000 feet; j 
modulus of resilience, 9-047 ; specific 
resilience, 16*1. (Tredgold.) 

Compared with cast iron as unity, 
it3 strength is 0-24 ; its extensibility 
2‘9 ; and its stiffness, 0*487. 

Mahl-stick, a stick used by painters 
to rest the hand on while painting; 
the end which rests on the canvas is 
covered with cotton wool and soft 
leather to prevent its injuring the 
canvas. 

Main links, the links in the parallel 
motion which connect the piston- 
rod to the beam of a steam-engine. 

Mainmast of a ship, a long piece of 
round timber, upright in the waist 
or middle of a ship. 

Majolica, a soft enamelled pottery, 
the characteristics of which are 
coarseness of ware, elaborate design, 
and prismatic glaze. It was first 
introduced into Italy from Majorca 
in the twelfth century, and was 
originally the work of the Moors. 

Malachite, gjeen carbonate of copper. 
It admits of a very high polish and 
is much used for inlaid work and 
jewellery. There is another species 
of a deep blue colour known as blue 
malachite. 

Malachite Green. (Sec Bice.) 

Malleable, in metallurgy , capable of 
being spread by beating or by 
rolling, — a distinguishing character 
of metals, but more especially of gold. 
When it flattens, a metal is said to be 
laminable ; when it draws as wire, 
ductile. 

Mallet, the wooden hammer used by 
sculptors and others. 

Malm, the name given to the soil 
most favourable for producing the 
hop in the south-eastern counties. 

4 In Sussex, Surrey, and Kent, the 
land based upon the Upper Green- 
sand is known by the name of 
Malm, and produces the greater pait 
of the hops for which these counties 
are celebrated.’ 

Maltha, a mineral pitch, a variety of 
petroleum. 

Man Power. A man of average power 
produces the greatest effect when 
exeiting a force of 31± lbs. with a 
velocity of 2 feet per second, for 10 
hours ia a day. (Tredgold.) A strong 
man will raise and carry from 250 to 
300 lbs. (Desaguliers.) 

Manacaybo is a furniture wood of 
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moderate size, hard, as good as ma- 
hogany, and in appearance between 
that and tulip-wood. 

Manehineel, a large tree of the West 
Indies and South America ; it 
possesses the general character of 
mahogany, but has a poisonous and 
unwholesome sap. 

Mandrell, in mining , a tool something 
like a hack, but stronger, having 
both ends sharp and steeled. It is 
used for cutting the hard rock. 

Mandril, the spindle which carries 
the centre-chuck of a lathe, and 
communicates motion to the metal 
to be turned : in small lathes it is 
driven by a pulley. 

Mandril-frame, the head-stocks or 
frame bolted to the end of a lathe- 
bed, for the purpose of supporting 
the mandril. 

Man-engine, in mining, an arrange- 
ment designed for lowering the 
miners to the depths of the mine, and 
for raising them. It consists of a 
moving rod with platforms upon it, 
and platforms fixed at the sides of 
the shaft, or, of two rods with plat- 
forms upon each. 

4 In some Cornish mines a contri- 
vance for taking down and bringing 
up the men has been adopted, called 
a man-engine. This consists of a rod 
about a foot and a half square, down 
one side of which there is a series of 
small platforms just large enough for 
a man to stand upon. Tut in motion 
by an engine, it moves slowly up and 
down, and the men step from the 
platform on the rod to corresponding 
platforms at the side of the shaft until 
they arrive at the bottom .’ — Mines 
Commission Reports. 

Manganates, salts of manganese 
much used as disinfectants. The 
per-manganate of potash is Condy’s 
disinfecting fluid. 

Manganese, a metal, the ores of which 
are various oxides. The black oxide 
of manganese is largely used in the 
bleaching processes, also for the pro- 
duction of oxygen gas, and by de- 
composing muriatic acid as a means 
of obtaining chlorine. It is also used 
in glass manufacture for correcting 
the colorific power of the iron in 
some of the materials used. 

Manganese brown. The hydrate of 
the deutoxide of manganese forms a 
brown pigment of great value to the 
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artist. The protoxide i3 a white 
powder and by exposure to the 
atmosphere it absorbs oxygen and 
becomes deutoxide or manganese 
brown. 

The natural manganese brown is 
a variety of pyrolusite, whence the 
German name Braunstein commonly 
used for the mineral. 

Mangrove, an aquatic tree, straight- 
grained, hard, and elastic : much 
used for ship-building. 

Manheim gold, a brass containing 
80 parts of copper and 20 parts of 
zinc. 

Man-hole, an opening in the top of a 
boiler, used as an entrance when 
the boiler requires cleaning: it is 
covered by a strong plate bolted to 
the boiler plating, so as to be steam- 
tight. 

Man-hole cover, a strong plate of 
iron, bolted over the man-hole so as 
to be removable when required. 

Manipulation, in mining, the manner 
of dig-ring silver or other metals. 
A t -A now generally applied to 
the handicraft means by which mate- 
rials are wrought or effects are pro- 
duced. 

Manner is that habitude which paint- 
ers have acquired, not only in the 
management of the pencil, but also 
in the principal parts of painting, 
— invention, design, and colouring. 
It is by the manner in painting that 
a picture is judged to be by the 
hand of Titian, Tintoret, Guido, the 
Caracci, and others. Some masters 
have had a variety in their manners 
at different periods of life, and 
others have so constantly adhered 
to one manner, that those who have 
seen even a few of them will imme- 
diately know them, and judge of 
them without any risk of a mistake. 

Mannerist, a term applicable to a 
painter whose pictures have a 
marked peculiarity and an unpleas- 
ing and tasteless sameness. 

Manometer, an instrument intended 
to measure the rarefaction and con- 
densation of elastic fluids in confined 
circumstances, whether occasioned 
by variation of temperature or by 
actual destruction, or generation of 
portions of elastic fluids. 

Mansard roof, of French origin, from 
the name of the inventor; a curb 
roof 


Manse, a parsonage-house. 

Man sum capitate, the chief man- 
sion, manor-house, or court of a 
lord. 

Mantelpiece, a beam across the open- 
ing of a fire-place, serving as a 
lintel or bressummer to support 
the masonry above, which is called 
the chimney-breast. 

Maple-wood is considered to be al- 
lied to the sycamore or the plane- 
tree ; its colour is pale : much used 
for picturoframes and Tunbridge 
ware. 

Marble, a native carbonate of lime; it 
constitutes the masses of Mountain 
and Carboniferous limestone. It is 
sometimes perfectly white as in statu- 
ary marble, and It is often beauti- 
fully coloured. Marble is polished 
by being first rubbed with grit-stone, 
afterwards with pumice-stone, and 
lastly with emery or calcined tin. 
Marbles, with regard to their varie- 
ties of colour, are almost infinite: 
some are black, some white, and 
some of a dove colour. The best 
kind of white marble is called 
statuary, which, when cut into thin 
slices, becomes almost transparent, 
which property the other kinds 
do not possess. Other species of 
marble are streaked with clouds and 
veins. Some marbles are easily 
wrought, some are very hard, other 
kinds resist the tools altogether. 
Artificial marble, or Scagliola, is 
real marble powdered and mixed 
with plaster, and is used in co- 
lumns, basso-relievos, and other 
ornaments. 

Marble, white. Specific gravity, 
2*706 ; weight of a cubic foot, 169 
lbs.; weight of a bar 1 foot long and 
1 inch square, 1*17 lb.; cohesive 
force of a square inch, 1,811 lbs.; ex- 
tensibility, 13V* of its length ; weight 
of modulus of elasticity for a base of 
an inch square, 2,520,000 lbs.; height 
of modulus of elasticity, 2,150,000 
feet; modulus of resilience at the 
point of fracture, 1*3 ; specific resi- 
lience at the point of fracture, 0*48 
(Tredgold) ; is crushed by a force 
of 6,060 lbs. upon a square inch 
(Rennie). 

Marcasite, a bisulphite of iron, white 
iron pyrites. It was frequently used 
for ornamental purposes. 

Marcus, a large iron-headed hammer. 
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Margin, or Lock -rail, the flat part 
of the stile and mil of framed work. 

Marine engine, a steam-engine to 
propel a ship. There are vaiiou* 
kinds of them, tile beam, direct-act- 
ing, oscillatin';, trunk, liigh-pre^sure, 
as used in <>ui new gun-boats, etc. 
(See Muna\\ work, Vol. 80, in 
* Weale’s Rudimentary Saie-C) 

Market. Uhe niaikct or fnrum in 
the cities of antiquity was different 
from the maiket in our Lngli-li 
towns, where iledi meat, merchan- 
dise, etc., me usually sold. The 
Apo-tle Paul disputed with philo- 
sophers in the market at Athens : 
this and other evidences prove it 
to have been al-o a place of dispu- 
tation and public resort. 

Marline, a small line used for winding 
round ropes and cable*. 

Marmoration,a building with marble. 

Marmortinto, a style of wall decora- 
tion much used in the last century; it 
imitated marble by depositing, on an 
adhesive ground, dust of marble ar- 
ranged in 'the form of veins of marble. 

Marone, a class of impure colours, 
composed of black and red, black 
and purple, or black and russet 
pigment*, or with black and any 
other denomination of pigments in 
which red predominates. 

Marone lake is a preparation of mad- 
der, of great depth, transparency, 
and durability ot colour: it woiks 
well in water, glazes, and dries in 
oil, and is in all re -poets a good 
pigment: its hues are easily given 
with other pigments, but it is not 
much used. 

Marquetry, chequered or inlaid work 
with variegation, a suit of veneer- 
ing, representing flowers, bird-, and 
other figures. 

Mars, a prefix applied to pigments 
composed of earths coloured bv oxide 
of iron. 

Masonry. The early Homan ma~omr, 
both in public and private building-, 
was of far more durable materials, 
and of more accurate kind, than such 
as was executed in the decline of the 
Empire. It began to be uncementcd 
blocks of stone, passed into the reti- 
cular work of the Republic, thence 
into the travertine, and descended 
into the mixture of tufo, and brick, 
With stucco facing. 

The chief kind of stones used in 
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London masonry are Portland stone, 
Path Oolite, and the Derbyshire and 
Yorkshire sandstones. These are 
u-ed for buildings in general, as 
string*, window-sills, balusters, steps, 
copings, etc. St. Paul’s Cathedral is 
cousti uv ted of Portland stone. The 
Ilou.-es of Parliament, of Derbyshire 
and Yorkshire stones. 

York-liire stone is used where 
strength and durability are requisites. 

Piu beck stone comes from Dorset- 
shire, and is mostly employed in 
rough work, as steps and paving. 

Ryegate stone is used for hearths, 
slab's, and covings. 

Mortar is used by masons in ce- 
menting their works. (See Brick - 
laying, Cements, J lortars, etc.) In 
setting maible or fine work, plaster 
of Pans is used, and in water-ivorks, 
tarras is employed. 

Tarras is a coarse mortar, durable 
in water and in moist situations. 
Dutch tarras is made of a soft rock- 
stouc, found near Cologne, on the 
Rhine, ft is burnt like lime, and 
reduced to powder by mills, from 
thence carried to Holland, whence 
it has acquired the name of Dutch 
tarras. It is very dear, on account 
of the great demand for it in the 
construction of aquatic works. 

An artificial tarras is formed of 
two parts of lime and one of plaster 
of Paris: another sort consists of 
one part of lime and two parts of 
well-sifted coal ashes. 

Masques, grotesque faces used to fill 
vacant places, on friezes, panels of 
door*, keys of arches etc. 

Massicot, Protoxide of Lead, 
Yellow Lead, fusible at a red 
heat and combines with saline and 
earthy substances. 

Mast carlings, m ship-building, large 
timbers at the side of the mast rooms 
that are left deep enough to receive 
the cross-chocks. 

Mastic, a cement used for the plaster- 
ing of walls. 

Mastic varnish is easily prepared by 
digesting in a bottle, during a few 
hoars, in a warm place, one part of 
dry picked resin with two parts or 
more of the oil of turpentine. 

Match, in mining, gunpowder put 
into a piece of paper several inches 
long and used for blasting the rock. 
(See Safety Fuse.) 
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Materiatio, according to Vitruvius, 
the timber-work of a roof. 

Materiation, felling of timber for 
building. 

Mathematics, a science which teaches 
to number and measure whatever is 
capable of it, comprised under lines, 
numbers, superficies, or solids. 


Mear ( Derbyshire ), thirty-two yards 
of ground in a vein of ore. 

Mear Stake, in mining , a large stake 
driven into the ground to mark the 
boundaries of the mears. 

Measurement of earthwork. There 
are many works and tables published 
to facilitate the admeasurement of 



Matrix, the original die used for a 
coin or other article which has to be 

represented in relief. (L. matrix, 

from mater , mother), in mining , (see 
Vein Stuff), that portion of the 
contents of a mineral lode which 
holds the metalliferous matter. It 
may be quartz, or carbonate of 
lime, or any other such substance. 
It is sometimes used in the sense of 
being the original (the parent), from 
which the mineral ore has been 
produced. Schorl in a lode is spoken 
of by many miners as the matrix, or 
the mother of tin. ‘ Mat rice, the 
_ lace or substance in which anything 
is formed or produced; as the ma- 
trix of the metals ; gang .’ — Noah 
Webster. 

Matter. Quantities of matter in all 
bodies are in the compound ratio of 
their magnitude and densities : for 
if the magnitudes are equal, the 
quantities of matter will be as the 
densities ; and if the densities are 
equal, the quantities of matter will 
be as the magnitudes : therefore, the 
quantities of matter are universally 
in the compound ratio of both. 

Maull, in mining, the biggest iron 
hammer for breaking stones, driving 
wedges, etc. 

Mausoleum, a pompous funereal mo- 
nument, a costly sepulchre. 

Maximum and Minimum. The ex- 
tremes of temperature or atmospheric 
pressure, or indeed of any force. 

Meander, a peculiar style of orna- 
mental design, in which the lines 
interlace one another; it is often 
used in decorating vases, and is also 
Sometimes met with in architecture. 


Slopes 2 to 1« 



earthwork, which may be reduced 
in practice to the preceding geometri- 
cal forms, in one or more chains in 
length, as the case may be. The two 
chains marked b and c in the section 
will reduce to the forms in the dia- 
grams that precede. The dotted lines, 
fig. 1, show the section at the 
largest end, next to b in the section ; 
and the dotted line, fig. 2, shows the 
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section at the smallest end, next to a 
in the section. 

The bottom piece, c, being reduced 
to a parallel throughout, is measured 
by multiplying the area of the end 
by the length : the two banks being 
equal, it will measure thus : 15' 0" x 
57' 0" x 132' 0". 

The piece b, the middle or wedge 
piece, being parallel horizontally 
only, is measured by taking one- 
halt the vertical height : thus, 8' 6" x 
87'0"xl32' 0". 

The two pieces b b form the two 
halves of a right-angled pyramid, and 
are measured by multiplyingthe area 
of the end by one-third* the height : 
therefore 7' O'' x 14' 0", the slope 
being 2 to 1, is equal to 98' 0" ; the 
area of the two bases then, 1' 0" x 
98' 0" x 44' 0", gives the cube quan- 
tity in the two. 

Measurement of shipping for 
tonnage (called the * new measure- 
ment ’) was regulated in the 5th and 
6th of Gcoigc IV. By this Act 
certain rules were established for 
ascertaining the tonnage of ships, as 
well on shore as afloat, and of ves- 
sels propelled by steam : and the ac- 
count of such tonnage, whenever the 
same shall have been ascertained ac- 
cording to the rules herein proM-ribed 
(except in the case of ships admea- 
sured afloat), it is enacted, shall be 
deemed the tonnage of such ships, 
and shall be repeated in every subse- 
quent registry of such ships unless 
any alteration shall have been made 
in their form and burthen, or unless 
it be discovered that the tonnage had 
been erroneously computed: and it 
is considered that the capacity of a 
ship is the fairest standard by which 
to regulate its tonnage ; that internal 
measurements will afford the most 
accurate and convenient method of 
ascertaining that capacity, and that 
the adoption of such a mode of ad- 
measurement will tend to the interest 
of the ship-builder and the owner. 

It was enacted that the tonnage 
of every ship or vessel required by 
law to be registered shall, previous 
to her being registered, be measured 
and ascertained while her hold is 
clear, and according to the following 
rule : Divide the length of the upper 
deck between the after-part of the 
stem and the fore-part of the stern- 


post into six equal parts. Depths: 
At the foremost, the middle, and the 
aftermost of those points of division, 
measure in feet and decimal parts of 
a foot the depths from the under side 
of the upper deck to the ceiling at 
the limber strake. In the case of a 
break in the upper deck, the depths 
are to be measured from a line 
stretched in a continuation of the 
dock. Breadths : Divide each of 
those three depths into five equal 
parts, and measure the inside 
breadths at the following points : at 
one-fifth and at four-fifths from the 
upper deck of the foremost and after- 
most depths, and at two-fifths and 
four-fifths from the upper deck of 
the midship depth. Length: At 
half the midship depth measure the 
length of the vessel from the after- 
part of the stem to the fore-part of 
the stern-post, then to twice the 
midship depth add the foremost and 
the aftermost depths for the sum of 
the depths ; add together the upper 
and lower breadths at the foremost 
division, three times the upper 
breadth and the lower breadth at the 
mid hip division, and the upper and 
twice the lower breadth at the after 
division, for the sum of the breadths; 
then multiply the sum of the depths 
by the sum of the breadths, and this 
product by the length, and divide 
the final product by three thousand 
five hundred, which will give the 
number of tons for register. If the 
vessel have a poop or half-deck, or a 
break in the upper-deck, measure the 
inside mean length, breadth, and 
height of such part thereof as may 
be included within the bulkhead: 
multiply these three measurements 
together, and dividing the product 
by 92*4, the quotient will be the 
number of tons to be added to the 
result as above found. In order to 
ascertain the tonnage of open 
vessels, the depths are to be mea- 
sured from the upper edge of the 
upper strake. 

To ascertain the tonnage of steam 
vessels, it was also further enacted, 
that in each of the several rules pre- 
scribed, when applied for the pur- 
pose of ascertaining the tonnage of 
any ship or vessel propelled by steam, 
the tonnage due to the cubical con- 
tents of the engine-room shall be 
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deducted from the total tonnage of 
the vessel as determined by the rules, 
and the remainder shall be deemed 
the true register tonnage of the said 
ship or vessel. The tonnage due 
to the cubical contents of the engine- 
room shall be determined in the fol- 
lowing manner : measure the inside 
length of the engine-room in feet 
and decimal parts of a foot from 
the foremost to the aftermost bulk- 
head, then multiply the said length 
by the depth of the ship or vessel at 
the midship division, as aforesaid, 
and the product by the inside 
breadth at the same division at two- 
iifths of the depth from the deck 
taken as aforesaid, and divide the 
last product by 92 4, and the quotient 
is deemed the tonnage due to the 
cubical contents of the engine-room. 

Measurement of standing timber. 
Measure from the tree ten, twenty, 
thirty, etc., feet, and then plant the 
theodolite level : direct the telescope 
to the bottom of the tree, and observe 
the degree and tenth of depression ; 
and to the top of the tree, the degree 
and tenth of elevation. When the 
timber has been previously felled, it 
is customary, in measuring, to girt a 
string round the middle of the tree, 
and fold it twice, which will give the 
fourth part of the girt, and which is 
considered the true side of the square; 
then the length is measured from the 
butt-end of the tree, so far up as the 
tree will hold half a foot girt, or, 
more properly speaking, quarter- 
girt ; that is, the line six inches 
when twice folded. Various tables 
are published, to assist the timber- 
measurer in the performance of his 
duty. All timber is bought and 
sold by the load, and a load is esti- 
mated at forty feet of unhewn or 
rough timber, and fifty feet of hewn 
timber, which is supposed to weigh 
one ton, or twenty hundredweight. 

Measurement of base lines, the 
whole of the operations connected 
with the execution of a trigonome- 
trical survey of a country, require 
the most scrupulous care, and a large 
amount of skill, that the many errors 
which are inseparable from the in- 
struments that are used, and the 
several processes that must be fol- 
lowed, may be diminished as far as 
practicable, and the necessary pre- 
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cautions taken, whereby the correc- 
tions to the observations and mea- 
surements may be applied, so as to 
produce the greatest amount of 
accuracy with the least alteration of 
the given elements. 

Of these processes, the primary is 
that which consists in the accurate 
measurement of the distance between 
two stations A and B, designed to 
serve as the base, to which the whole 
extent of country intended to be 
surveyed is to be referred. 

This measurement is generally ex- 
pressed in terms of the standard of 
length of the country in which the 
operation is carried on, although the 
actual measurements may in the 
first instance have been given in 
terms of some other standard. It is 
not, however, requisite that the 
measurement of the base should pre- 
cede the angular observations, and 
although generally it is first under- 
taken, it can be equally well done 
when every other portion of the 
work has been completed. 

The selection of a site for the base 
is a matter of considerable import- 
ance ; a level plain or ground with as 
little undulation as possible, and a 
distance varying from five to eight 
miles, is to be preferred ; the extre- 
mities of the base being sufficiently 
elevated (either from the nature of 
the ground or by the use of an arti- 
ficial stage) above the surrounding 
country to allow of other stations C 
and D being seen, and these should 
be so situated as to form well-condi- 
tioned triangles with the base A B, 
inasmuch as small errors in the 
measurement of very acute angles 
would produce large errors in the 
lengths of the sides deduced from 
them. 

It must not, however, be inferred, 
that a perfect level is absolutely re- 
quisite for the measurement of a base 
line. That situated on Salisbury- 
Plain has now been twice measured, 
although there is a difference of level 
of 428 feet between its two extremi- 
ties. 

Mechanical powers are contrivances 
by which we are enabled to sustain 
a great weight or overcome a great 
resistance by a small force : these aro 
the wedge, the inclined plane, the 
screw, and the lever. 
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Mechanics, that branch of practical 
science which considers the laws of 
equilibrium and the motion of solid 
bodies ; the forces by which bodies, 
whether animate or inanimate, may 
be made to act upon one another; 
and the means by which these 
forces may be increased so as to 
overcome those which are more 
powerful. The term Mechanics was 
originally applied to the doctrine of 
equilibrium. It is now, however, 
extended to the motion and equili- 
brium of all bodies, whether solid, 
fluid, or auriform. The complete ar- 
rangement of mechanic's is now made 
to embrace, besides, the pressure and 
tension of cords, the equilibrated 
polygon, the catenary curve, suspen- 
sion biidges, the equilibrium of 
arches and the stability of their 
picr«, the construction of oblique 
arches, the equilibrium of domes and 
vaults with revetments, the strength 
of materials, whether they be of 
wood or iron, dynamics (or the 
science of moving bodies), with 
hydrostatics, pneumatics, and hy- 
draulics. 

Definition’s are explanations of 
terms by means of other terms, the 
meanings of which are understood : 
we shall assume that the term 
weight will be accepted without ex- 
planation. 

Def. Everything which has 
weight is called matter , and a body 
is a portion of matter limited in every 
direction. 

Def. Space is that which con- 
tains or is capable of containing 
matter, and is continuous and in- 
finite. 

Def. A body is said to be abso- 
lutely at icst as long as it remains 
in the same position in space ; and 
to be absolutely in motion while it is 
in the act of changing its position in 
space. 

Def. A body is said to be rela- 
tively at rest as long as it remains in 
the same position with respect to 
some other body w ith regard to which 
its state is to be considered ; and to 
be relatively in motion while it is in 
the act of changing its position with 
respect to this body. 

The states of rest and motion 
which we have generally to con- 
sider are relative and not al>5.,]ufe 
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Thus we have to consider the mo- 
tion of a locomotive relatively to 
the surface of the earth, and not 
the absolute motion made up of 
this and that of the earth itself, 
and the motions of the parts of the 
engine relatively to the frame of 
the locomotive without regard to 
the motion of the whole along the 
road. 

Def. Force is any cause which 
produces or tends to produce a 
change in the state of rest or motion 
of a body. 

Forces are measured by the effects 
which they produce, and hence in 
considering effects of different kinds 
different measures of forces may be 
introduced. 

When a body is acted upon by only 
a single force, a change in its state 
of rest or motion will always take 
place ; but two or more forces acting 
on a body at the same time may 
counteract each other’s effects, so that 
the body may be in exactly the same 
state as though these forces were not 
acting upon it. 

Dli\ Two or more forces which 
counteract each other’s effects are 
said to be in equilibrium. 

Medallion, in architecture , any cir- 
cular tablet on which figures are em- 
bossed ; busts, etc. 

Mediaeval, relating to the middle 

age*. 

Medium, the menstruum or liquid 
vehicle, with which the dry pigments 
are ground and made ready for the 
artfet's use. 

Medlar tree. The wood is white and 
soft, but not much used excepting 
for walking sticks on account of its 
small size. 

Meerschaum, a silicate of magnesia, 
found in the native state on the 
shores of the inland seas of Europe, 
u^ed for the manufacture of tobacco 
pipes. 

Megylp, a vehicle used by oil 
painters. (See Magilp.) 

Member, a moulding; either as A 
cornice of five members, or a base of 
three members, and applied to the 
subordinate parts of a building. 

Mensuration is the application of the 
science of arithmetic to geometry, 
by which we are enabled to discover 
the magnitude and dimensions of any 
geometrical figures, whether solid or 
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superficial. To enable us to express 
this magnitude in determinate terms, 
it is necessary to assume some mag- 
nitude of the same kind as the unit, 
and then, by stating how many 
times the given magnitude contains 
that unit, we obtain its measure. 

The different species of magnitude 
which have most frequently to be 
determined are distinguishable into 
six kinds, viz. 1. Length. — 2. Sur- 
face. — 3. Solidity, or capacity. — 1. 
Force of gravity, commonly called 
weight. — 5. Angles. — 6. Time. 

Menstruum. (See Medium.') 

Mellowness, richness of tone in a 
picture ; absence of harsh colouring. 

Merchant bars, in metallurgy , iron 
in a finished state fit for the market ; 
iron after the puddled bars have been 
piled and reheated and rolled. 

Mercury, Quicksilver, a mineral 
found native and as a sulphuret. 
Specific gravity, 13*568 (Bris«on) ; 
weight of a cubic inch, 0*4048 lb.; 
expands in bulk by 1° of heat, *&<* 
(Dulong and Petit); weight of mo- 
dulus of elasticity for a base of an 
inch square, 4,417,000 lbs.; height of 
modulus of elasticity, 750,000 feet. 
(Dr. Young, from Canton's Expeii- 
ments.) 

Mere or Meer, a name frequently 
given, in England and the Nether- 
lands, to inland lakes or sheets of 
fresh water, such as Windermere, 
Whittleseamere, Ugg-mere, Soham- 
mere, in England, and the Egmonder 
meer, Purmer meer, and Haarlemmer 
meer, etc., in the Netherlands. The 
term is most frequently used in the 
latter country, where, prior to 1440, 
there were more than 150 meers, of 
which 85 occupied an area of 177,832 
acres, since drained and reclaimed, 
in the provinces of North and South 
Holland ; and where also the Ilaar- 
lemmer meer, covering an area of 
45,230 acres, is now in course of 
drainage. 

As the meers, in fen-lands, serve 
as reservoirs to hold a portion of the 
surplus rain-water falling on the 
district of which they form a part, 
their being dyked off and drained, 
where of considerable extent, has 
mo'fc important effects on the neigh- 
bouring lands, by contracting the 
area of the reservoir or catch-water 
basin of the district. But as these 


drainages generally oblige improve- 
ments in the outfalls, their result is 
mostly beneficial to the other lands. 

The beds of the Dutch meers are 
from 10 to 20 feet below the level of 
the lowest point of the natural outfall 
in their districts ; consequently they 
are always drained by mechanical 
means. Windmills have been em- 
ployed to drain the land, in the 
Netherlands, from time immemorial ; 
but the drainage of the meers was 
not commenced until 1440, about 
which period windmills and draining 
machinery were considerably im- 
pioved ; and as late as 1840, wind- 
mills for draining purposes continued 
in favour with the Dutch engineers, 
in preference to steam engines : and 
at that date, 12,000 windmills were 
employed to drain the polders, in the 
Netherlands, and only five small 
steam-engines, the largest not ex- 
ceeding 30 horse power : the average 
consumption of fuel was 20 lbs. of 
coal per horse-power per hour. 

In the English fens, steam had 
in a great measure superseded wind- 
mills for drainage purposes ; but the 
consumption of fuel was nearly as 
great as in the Dutch engines. 

In 1839, the Dutch States-General 
decreed the drainage of the Haarlem- 
mer meer, and voted eight millions 
of florins for that purpose, to which 
two millions more were subsequently- 
added, making the total sum of 
£834,000. 

The Haarlemmer meer formed part 
of the great drainage district of 
Rhvnland, which has an area of 
305,014 English acres : prior to 1848, 
this area was occupied by 56,609 
acres of meers and water-courses, 
nearly all in communication with 
each other, forming what is called 
the boezem , or catch-water basin of 
the district ; the surface of the water 
being maintained at the lowest level 
of natural sluiceage, by sluices at 
Ratwyk into the North Sea, and at 
Sparndam and Halfweg into the Y, 
or the southern end of the Zuyder 
Zee. 

Above the boezem are 75,357 acres 
drained into it by natural level ; and 
at depths from 2 feet 6 inches to 4 
feet below i t were 170 polders covering 
an area of 135,850 acres ; and 37,198 
acres divided into 28 polders which 
275 
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■were formerly meers, but are now 
drained, and whose beds are on an 
average 14 ft. below the level of the 
boezera. 

The surplus rain and infiltration 
waters from the 173,048 acres of 
polder-land are lifted into the boe- 
zem by the united action of 261 
large windmills, with an average 
force of 1,500 hor&e-power. 

Drainage of the llaarlemmer meer, 
which forms part of the boezem or 
basin, will deduct 45,230 acies from 
its area, and reduce it to 11,379 acres, 
or ith part of its former size : whilst 
the land surface drained into it will 
be increased from 229,657 to 293,735 
acres. 

The average level of the boezem is 
10 inches below the ordinary low 
water, and 27 inches below high- 
water mark in the Y or Zuyder Zee ; 
and 7 inches above low water, and 
57 inches below ordinary high water, 
in the North Sea. 

The bed of the Haarlem Lake was 
14 feet below the w inter level of the 
boezera ; and when drained, the 
maximum lift was from 16 feet 6 
inches to 17 feet, according to the 
state of the wind, which raises or 
depresses the surface of the water in 
the canals very considerably. 

The water contents of the Haar- 
lemmer meer which had to be pumped 
out, including the additional quan- 
tity arising from the surplus rain and 
infiltration during the draining, were 
estimated at 800,000,000 cubic metres 
or tons. 

The greatest quantity of monthly 
drainage when the meer was pumped 
out was estimated at 36,000,000 tons, 
and the annual average surplus of 
rain-water, etc., at 5-1,000,000 ton*, 
to be lifted, on an average, 16 feet. 

The Dutch engineers w'ore gene- 
rally in favour of windmills, nr a 
combination of windmills and steam- 
engines, for pumping out the meer ; 
but in 1841, the late king, William II., 
by the advice of a commis'don, 
decreed that steam-engines only 
should be employed for the purpose ; 
and in 1842, at the suggestion of 
two English engineers, Mr. Arthur 
Dean and Mr. Joseph Gibbs, it was 
determined to erect, and they were 
directed to prepare the designs for, 
three steam-engines upon the high- 


pressure, expansive, condensing prin- 
ciple, of the ordinary force of 350 
horse-power each, but capable of 
being worked on emergencies up to 
500 horse-power. 

The consumption of fuel was 
limited to 2£ lbs. of coal per horse- 
power per hour. 

The three engines were named 
the ‘ Leeghwater,’ 1 Cruquius,’ and 
‘Lynden,’ after three celebrated men 
who had at different periods proposed 
plans for draining the Haarlemmer 
meer. 

The ‘Leeghwater’ was the first 
erected, to work eleven pumps of 63 
inches diameter, with 10-feet stroke 
in pumps and steam cylinders ; and 
the ‘ Cruquius ’ and ‘ Lynden ’ were 
afterwards constructed, to work eight 
pumps each, of 73 in. diameter, and 
with 10-feet stroke ; each engine is 
calculated to lift 66 cubic metres of 
water per stroke. 

The accompanying sketch is a 
representation of the interior of the 
‘Lynden ’ engine and engine-house, 
on the upper floor: the ‘Cruquius’ 
is on tlie same model ; but the 
* Leeghwater ’ has the inner ends of 
its eleven pump-beams arranged 
under the great cross-head, instead 
of over it. 

Each engine has two steam cy- 
linders, placed concentrically, the 
one within the other, the outer of 
12 feet diameter, and the inner one 
of 7 feet diameter : both are secured 
to one bottom, and covered by one 
cover, but the inner cylinder does 
not touch the cover within H inch : 
there are two pistons, 26 inches deep, 
the compartments of which are fitted 
writh cast-iron plates: the outer 
piston is annular, and has a packing 
on both sides : beneath this annular 
piston a constant vacuum is main- 
tained when working : the two pis- 
tons are connected by five piston- 
rods, ns sliowm in the sketch, to a 
great cross-head or cap, the whole 
mass weighing about 85 tons, and 
by eight connecting-rods the cap 
pistons are suspended from the in- 
ner ends of eight cast-iron balance- 
beams to the outer ends of which 
are hung the eight pump-pistons; 
the action of the engines is therefore 
very simple: the steam being ap- 
plied under the inner piston lifts 
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both the pistons, the great cioss- 
head, and inner ends of pump ba- 
lance-beams simultaneously, and the 
pump-pistons descend at the same 
time : by an hydraulic apparatus 
attached to the great cross-head, 
the dead weight ot the pistons etc., 
is arrested at the point to which it 
has been thrown up by the steam, 
and tune is given for the valves of 
the pump-pistons to close before 
the down-atioke of the >team pi- 
tons is made ; then, the equilibrium- 
valve being opened, the hydraulic 
apparatus h liberated at the same 
moment, and the steam pas -mg from 
beneath the small piston, above both 
pistons, the pressure on both sides of 
the small one is equalised, whilst 
nearly two-thirds of the steam acts 
upon the annular pi-ton again-t a 
vacuum, and in aid of the dead 
weight helps to make the down-stroke 
in the stcam-cjlinder, and the up- 
stroke in the pumps. The use of the 
two cylinders enables the engine- 
man, by judiciously altering the 
expansion in the small cylinder, to 
command his work at all times, 
without stopping the engine to take 
out, or put in, dead weight, as would 
be necessary for a single-acting one- 
cylinder engine, where dead weight 
only is used for lifting the water. It 
has frequently occurred that the load 
of an engine lias been added to or 
diminished by 10 or 12 tons in the 
course of halt an hour, by tlio action 
of gales of wind on the surface of the 
meer and boezem. Each engine has 
two aii -pumps of 40 in. diameter, and 
5-feet stroke. The steam is cut off 
in the small cylinder at from one- 
fourth to two- thirds of the stroke, 
according to the load ; and after 
expanding through the remainder of 
the stroke, it is still further expanded 
in the large cylinder. 

The anticipated economy in con- 
sumption of fuel has been* realised : 
when working with the net power of 
350 horses, the average consumption 
is 2\ lbs. of best Welsh coals, or 75 
millions duty with 91 lbs. of coal; 
and on a late trial, the ‘ Cruquius’ 
and ‘ Lynden ’ engines were found to 
do a duty of 87 millions. 

The whole cost of machinery, 
buildings, coals, and wages, to pump 
out the lake, did not exceed £150,000, 
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w hereas, by wind it would have cost 
£308,000, being a saving of £158,000; 
and there was also a further eco- 
nomy upon the works in the bed of 
the lake, amounting to £40,000 more, 
so that the total saving by steam 
over wind was £200,000. 

To compensate the district of 
Rhynland lor the loss of 45,230 acres 
cf the boezem or catch-water basin, 
a steam-engine of 200 horse-power, 
driving 10 large scoop- wheels, has 
been erected at Sparndam to lift the 
boezem water over the tide in the Y, 
or ba^e of the Zuyder Zee, where the 
ri-e i» on an average only 17 inches. 
This engine hasdisi barged 30,000,000 
t<»ns of water in fifteen consecutive 
days. When the state of the boezem 
permits the ‘ Leegh water,’ ‘ Cru- 
quius,* and ‘Lynden’ engines to 
work freely, they discharge on an 
average 2,U0'>,0ob tons in twenty- 
four hours, and they are capable of 
doing this down to their full depth. 
In the month of June, 1810, the three 
engines discharged 00,000,000 tons 
water, and lowered the meer one 
foot; between the 1st of May and 
1-t of December they had lowered the 
lake 5 feet, and by the autumn of 
3850 dry land appeared. (See 
Table.) 

The ‘ Leegh water,’ ‘Cruquius,’ and 
‘ Lynden ’ engines were contracted 
for jointly by the Hayle and Perran 
Foundry Companies/ Cornwall, and 
were manufactured and erected under 
an able director. 

This once formidable meer is now 
a drained district, and is most pro- 
fitably occupied by industrial agri- 
cultural pursuits. 

It may be said in this instance, the 
Dutch have realised the fable of the 
‘Hare and the Tortoise . ’—in 1840, 
the erection of a steam-engine of 30 
or 40 horse-power, for drainage pur- 
poses was thought to be a bold step, 
whereas, under the guidance of 
English engineers, they have dared, 
between 1840 and 1842, to erect the 
most gigantic steam machinery in 
the world. 

The low lands of the Netherlands 
are divided into large drainage dis- 
tricts, which have been embanked 
against the inroads of the tides and 
river floods ; and the various parts 
of a district are connected by what 
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Table, arranged chronologically , showing the Lakes , Mecrs, and Water-places 
which have been drained by mechanical means , and converted into Fertile 
Lands, in the i Provinces of North and South Holland, in the Netherlands. 
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A . 

Date of 

Name of Lake, 


■72 tc 

Name of Lake, 



Drain- 

Mecr, or Water- 

Location near. 

o W 

Meer, or Water- 

Location near. 

gs 

age. 

place. 


4 s 

place. 



1440 

Nesch Meer 

Werrershoofd 

59 




14G0 

BurghornderDo. 

Biughom 

684 




1553 

The Zyp 

Schagerbrug 

19026 




1555 

Egmonder Meer 

Egmond 

10080 




,, 

Berger Do. 

Bergen 

1394 




1560 

Daal Do. 

Koedyk 

285 




1561 

Vrooner Do. 

St. Pancra3 

246 




1566 

Achter Do. 

Alkmaar 

78 




1567 

Kooi Do. 

Do. 

So 




Zw\ n.3 Do. 

Oudorp 

38 




1580 

Bcekeler Do. 

Akersloot 

745 




1607 

Wog Do. 

Spierd) k 

1541 




1608-12 

The Beemster 

Purmerend 

16869 




m 

The Weiring - ) 
erwaarJ J 

Colkom 

3979 




1614 

.. 


.. 

Soetermeerchcsi 
Meer J 

Soetermeer 

1285 

1616 

Tjaarlinger Mccr 

Yv'armenhuizcn 

93 




1618-22 

Parmer Do. 

Purmerend 

G2bt 




1622 




The Lisserpoel 

Lisse 

533 

1624 

Baarsdorper Do. 

Berkhout 

401 

Hem Meer 

Sassenheim 

149 


TheEngeWor- ) 

Near Wormc- ) 

241 




♦* 

mer J 

meer i 




1625 

The Hr. Hu- [ 
gowaard ) 

Langendyk 

6901 




M 

Brocker Meer j 

Broek & Wa- 1 
ter-land J 

60S 




1625-28 

Bel mer Do. 

Monnikendam 

310 





BuikslooterDo. 

Bmksloot 

772 




1626 

The G root Waal 

Berkhout 

18)= 





Wormer Meer 

Gisp 

3786 

Diemer Meer 



162&-29 

.. — 

.. 

Diemen 

157 1 

1630 

Benning Do. 

Abbekerk 

245 




>* 

Harger & Pet - > 
temer Polder $ 

Fetten 

9S7 




1631 

The Tien Meeren 

Haring Garspel 

4647 





The Drie Do. 

Ouid Garspel 

780 





Kley Meer 

Koedyk 

147 





Kerk Do. 

Do. 

48 





Deble Do. 

Warmenhuizen 

31 





Greb Do. 

Do. 

201 




»> 

The Vier \ 

Meerties f 

Medenblyk 

6S0 





Braak Meer 

Eerstwoude 

60 





VeenhuizerDo. 

Veenhuizen 

718 





Schals Do. 

Knollendam 

115 




1632 

Schremer Do. 

N. & S. Scher mer 12933 




1633 

The Vier ) 

Meertjes J 

Obdam 

142 




1636 

Berk Meer 

Veenhuizen 

596 




1640 

Kolk Do. { 

Lambert Sc ha- ) 
gen j 

220 




1642 



Slooter Mccr 


199 

1643 

Star Do. 

Oostgrafdyk 

1447 




1G44 

NoordeinderDo. 

Graft 

409 




1645 

Sap Do. 

The Ryp 

52 

The Wilde ) 
Yeneen j 



1646 


- 

Moerkapel 

1322 

1C50 

.. .. 

.. .. 

•• 

Stom Mccr 

Aalsmeer 

409 


270 
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NORTH HOLLAND — continued. 
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SOUTH HOLLAND — continued. 
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B h 






5 d 


Name of Lake, 


- S 

Name of Lake, 




Meer, nr Water- 

Location near. 


Meer, or Water 

Location near. 

s« 

age. 

place. 


< 5 

place. 


< £ 

1666 


.. 


Wa«enarsche ) 
Polder j 

Rhy nsat erwoude 

2488 

16C8 




The Driemans 1 
Do. J 

Soetermccr 

2013 

1671 




Horn Meer 

Aalsmecr 

441 

1700 




Bin nen weg- ) 
sehe Pokier J 

Zegwaard 

2247 





II Geest Polder 

Leymindcn 

384 

17M 




Goernr Do. 

Alkemade 

607 

17-7 



TCaDe? Do. 

Zevenhnizcn 


1716 

.. 



The Starre- ) 
vaaits Do. J 

Stompwyk 

443 

17.36-44 


.. 


The Veir Am. ) 
bachts Do.) 

Essel\ kenvoude 

518 

mi I •• •• 



Yrie-skoopsche 

Do. 

Yriesckoop 

1325 

1734-62 



Endracrt? Do. 

Zevenhnizcn 

2473 

17.38-7*0 

. . . . i 


l»amlioui1cr Do. 

Stompwjk 

949 

1759-6.3 

, , 


Novuler PI as 

Hazerswoudc 

8415 

17C0-G2 

.. .. . 


PaDnternsche ) 

Zegwaard 

1279 

17C3-GG 




Ouwenil\ksohe 
& Poe Do. 

Essel} kerwoude 

80G 

1764 




Covetikerker Do. 
Gu.it and Lit- ) 

Amstelveen 

3412 

17G7-GS 

.. .. , 


tic Ivalko- [■ 
\en=che Do. ) 

Ondshoom 

1318 

,, 



The Gioote Do. 

Soetormeer 

1GS6 

I7GS-71 



Do. Do. 

Ston pujk 

1178 

1 772-77 

.. 


Berkelsrhe Do. 

Berkel 

2171 

1772-S2 

.. 



Bh*M\\ksche 

Di ainaee 

Blciswyk 

8299 

1773-80 



Srhi'-broksche] 
Polder j 

Shibrock 

1437 

1781-84 



Ye’ulo* r on 
Lvknr Do. 

Alkemade 

1373 

1782-89 



Pvnakersrke Do. 

Pyn acker 

1270 

1786-SS 

.. 


Aarlander- 
a cons'' he Do. 

Aarlanderveen 

1171 

1788-91 



Zesticnho- 
vciuchc Do. 

Overschie 

10G4 

17S8-99 

.. .. .. .. 

•• 

Schierecnsche 

Do. 

Overschie 

654 

1790 \ 
1810 f 




Mulrcchtsche 

Do. 

Mydreclit 

2622 

1797 ) 




N'letvckoopsrhol 



1809 ; 



* * 

en Zevenho- > 
Tcno^che Do. j 

Niewekoop 

1371 

1798-99 




Gnrphnrk Oil 
Yrowe Do. 

Oudslioorn 

254 

1799 ) 





333 

1801 J 




Pic^landsche Do 

Nootdorp 

1810 




KJeine Slarre- 
vnartsehe Do. 

Leydschendam 

23 

1820 




P*\ liner Meer 

Weesp 

1470 

1828-40 



• • 

The Zuirl Plas 

Rotterdam 

14820 

1842 

.. 

.. .. 

•• 

Nootdorpsche 

I’las 

Delft 

2500 

1840-50 




Haarlem Lake! 

Amsterdam, 1 


•• •• 

• • 

*• 

fnotyet com- f 

Haarlem and Y 

45230 





pleted) ) 

Leyden j 






In South Holland, acres 





98557 

In North 

Do. Do. 

98557 






Total Acres 

223062 
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is called the boezem, or water-basin, 
or reservoir, formed by the rivers, 
lakes, meets, or water places having 
their origin in the district, and serves 
to receive the water drained either 
naturally or artificially from the 
surrounding lands. The boezem is 
put into communication with the 
exterior waters of the rivers or sea 
by locks and sluices. All lands in a 
given drainage district above the 
level of the boezem, and draining 
naturally into it, are called ‘boezem 
lands.’ All lands lying below the 
boezem, and drained into it by ma- 
chinery, are called polders. Of pol- 
ders there are two kinds : the first 
are seldom more than 2 or 3 feet 
below the level of the boezem, which 
is embanked above the natural sur- 
face of the land: of such polders 
there are upwards of 1,000 in the 
province of South Holland only ; and 
they are kept dry by the aid of an 
immense number of windmills. Of 
the second class of polders there are 
43 in North Holland and 43 in South 
Holland, as recorded in the preceding 
Table, and these are works of a for- 
midable character, being, for the 
most part, the beds of lakes, or per- 
manent sheets of water, varying in 
depth from 5 to 20 feet below the 
boezem, and requiring powerful ma- 
chinery to pump them out in the first 
instance, and to maintain them dry 
afterwards ; and as these lakes, etc., 
always form part of the boezem, or 
reservoir, of a much larger tract of 
land, their drainage frequently in- 
volves the construction of immense 
works, and seriously affects the 
prosperity of the whole district in 
which they are situate. 

The preceding Table will, as an 
apt illustration of the subject of 
draining large districts, be found 
important in engineering history. 

J3y the Table it will be seen that 
the North Hollanders had effected 
the drainage of nearly all their lakes, 
etc., as early as 1645, and they had 
then recovered 98,557 acres of land 
foil. ling their beds; whereas the 
South Hollanders had in 1645 only 
drained 5 small lakes, whose area 
was only 3,741 acres. It must be 
observed that the South Holland 
drainages are of a much more exten- 
sive character than those of North 


Holland, and the difficulties to be 
overcome were much greater ; and 
last, but not least, the North Hol- 
landers were much richer than their 
neighbours. Of the 223,000 acres of 
lakes, etc., recorded in the Table, up- 
wards of 50,000 acres were formed 
artificially, by dredging the peat pulp 
to the depth of 10 or 20 feet, to 
serve as fuel for domestic purposes, 
etc. 

Meridian, in astronomy, the line 
draw n from the north to the south 
through the zenith, nadir, and poles, 
which line the sun crosses at noon. 

Merlon, the solid part of an embattled 
parapet, standing up between the 
embrasures. 

Merus, the plain surface between the 
channels of a triglyph. 

Mesanla, a passage, gallery, or lobby 
an entry or court. 

Messenger, a small cable about sixty 
fathoms long. 

Messuage, a *. * . w'H, 

some land ■ .a 

orchard, etc., ana an oilier conveni- 
ences belonging to it. 

Mestling, brass ornaments ; candle- 
sticks; sacred utensils used in 
Anglo-Saxon times. 

Metal, in metallurgy, a name given 

to white cast iron. The mixture 

made for the manufacture of the 
plumbago crucibles is so called. 

Road Metal is the broken material 
used in road making. 

Metal leaf, commonly applied to 
Dutch leaf to distinguish it from 
gold leaf. 

Metallurgy, the art of working me- 
tal*, traditionally stated to have 
been invented by Tubal-Cain, B.c. 
3608. * And Zillak also bare Tubal- 
Cain, an instructor of every artificer 
in brass and iron.’ ( Gen . iy. 22.) 
In the earliest periods of history, 
mention is made of the excellence in 
working metals among the Egyp- 
tians. Specimens of metal-work of 
an eaily date exist, especially bronzes 
and brasses. Ca-t iron has been found 
in the mins of Nineveh, and coins in 
gold, silver, and copper have been 
found in very ancient tombs. 

Metals are elementary bodies capable 
of combining •with oxygen ; and 
many of them, during this combi- 
nation, exhibit the phenomenon of 
combustion. Seven metals only 
281 
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were formerly known ; but now we 
number forty-seven. Metals are dis- 
tinguished by their great specific 
gravity, considi ruble tenacity, and 
hardness, opacity, and property of 
reflecting the greater part of the light 
which fall-, on their surface, uivmg 
rise to metallic lustre or brilliancy. 
Metals are the best conductors of 


heat : their expansibilities are va- 
rious, and are probably nearly in the 
order of their fusibilities. Mercury 
is fluid at so low a temperature, 
that it can be obtained in the solid 
state by extreme cold ; others, as 
platina, can only be melted by the 
most intense heat which we can. ex- 
cite. 


The metals arc conveniently grouped in the following order 


Metals , bases of Alkalies or Alkaline Earths. 


1. 

2. 

3. 

4. 

5. 

6 . 

7. 


PoTAssior, forming 
Sodium, ,, 

Lithium, „ 

Barium, „ 

Strontium, ,, 

Calcium, ,, 

Magxl&ium, „ 


with Oxygen 
») 

»! 

5> 

JJ 


. Potash , 

. Soda. 

. Lithia. 

. Barytes . 

. Strontia. 

. Lime. 

. Magnesia. 


Metals forming with Oxygen th 

8. Yttrium, forming with Oxygen 

9. Glucinum, „ * 

10. Aluminum, „ „ 

11. Zirconium, „ „ 

12. Thorium, „ „ 

13. Erbium, ,, 

14 Terbium, „ „ 

There are still doubts whethci the three metal 


e Earths proper. 

. Yttria. (?) 

. Glucina. 

. Alumina. 

. Zirconia. 

. Thorina. 

. Erbia. (?) 

. 2'eibia. (?) 
s marked (?) are distinct bodies. 


Metals employed in the arts. 


15. Antimony is of a silvery white 
colour, brittle, and crystalline in its 
ordinary texture: it' fuses at about 
800° : its specific gravity is 6*712. 

1C. Arsenic. Arsenic is found 
native, but generally associated 
with sulphur or other metal*. : 
Metallic arsenic is obtained by 
heating arsenical pyrites in earthen- 
ware retoit*, when the metal 
sublimes. It is a brittle metal of 
a steel gray colour ; its specific 
gravity is about 5*65. It is used to 
harden type metal, and with lead 
in the manufacture of shot. Its 
combinations are largely employed 
as colours, 

17. Bismuth is a brittle, white 
metal with a slight tint of red: its spe- 
cific gravity is 9*822 : it fuses at 476°, 
and always crystallines on cooling. 

18. Cadmium. Generally found 
associated with zinc ; it is a white 
metal with a slight tinge of blue, 
has a strong lustre, and takes a 
fine polish. Most of the cadmium 
gaits are colouiless, but Cadmium 
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Yellow, or Jaune brillante , is used 
as a pigment : this is a sulphide ol 
cadmium. 

19. Chromium. This metal, dis- 
covered by Vanquelin in 1797, is 
mostly obtained lrom chrome iron 
ore. It is seldom seen as a cohe- 
rent metal, being usually in a 
crystalline powder, but it may be 
made coherent by pressure : it 
then takes a polish. It is as infu- 
sible as platinum, and so hard as 
to cut glass. The salts of chro- 
mium are much used as pigments 
and colorific agents. 

20. Cobalt, The native ores of 
cobalt were probably known to the 
Greeks and Roman*, and used by 
them for colouring glass, but the 
metal was first extracted by Brandt 
in 1733. The metal cobalt is of 
a steel gray colour ; its specific gra- 
vity about 8*90 ; it is attracted by 
the magnet. The oxide and some 
of the salts of cobalt are used for 
colouring glass and for painting 
earthenware. 
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21. Copper is the only metal, with 
the exception of titanium, which has 
a red colour: it has murh lustre, is 
very malleable and ductile, and ex- 
hales a peculiar smell when warmed 
or rubbed : it melts at a bright red 
or dull white heat, or at a tempera- 
ture intermediate between the fusing ! 
points of silver and gold = 1996° 
Fahr. : its specific gravity varies 
from 8-86 to 8-89, — the former being 
the least density of cast copper ; the 
latter, the greatest of rolled or ham- 
mered copper. 

22. Gold is of a deep and peculiar 
yellow colour ; it melts at a bright 
red heat, equivalent, according to 
Daniel], to 2016° Fahr., and when 
in fusion, appears of a brilliant 
greenish colour : its specific gravity 
is 19*3 : it is so malleable, that it 
may he extended into leaves which 
do not exceed the rrAn-olh of an 
inch in thickness, or" a single grain 
may be extended over 56 square 
inches of surface. 

23. Iridium, found by Smithson 
Tennant in combination with plati- 
num. It is of little importance ; 
its alloy with osmium is used on ac- 
count of its hardness for tipping 
gold pens. 

24. Iron. The well-known metal 
and the most useful of all. (.See Iron.') 

25. Lead in colour is bluish-white: 
it has much brilliancy, is remarkably 
flexible and soft, and leaves a black 
streak on paper. When handled, it 
exhales a peculiar odour : it melts at 
about 612°, and by the united action 
of heat and air is readily converted 
into an oxide. Its specific gravity, 
when pure, is 11*445 ; nut the lead 
of commerce seldom exceeds 11*35. 
Lead is used, in a state of compara- 
tive purity, for roofs, cisterns, pipes, 
vessels for sulphuric acid, etc. 

26. Manganese, prepared from 
the black oxide of manganese. It is 
a grayish-white metal like east 
iron, with a specific gravity of 
8*011 ; its alloys are used in the 
manufacture of steel, and its oxide 
is very largely used in bleaching 
establishments. 

27. Mercury is a brilliant white 
metal, having much of the colour 
of silver. It is liquid at common 
temperatures, solid and malleable 
at — 40° Fahr., and contracts con- 


siderably at the moment of congela- 
tion : it boils and becomes vapour 
at about 670°: its specific gravity 
at G0° is 13*5. In the solid state 
its density exceeds 14. The specific 
gravity of mercurial vapour is 6*976. 

28. "Molybdenum. This metal is 
reduced from its oxide by hydio- 
gen and by an intense heat "as a 
white mass harder than the topaz 
and of a specific gravity of 8*6. It 
is used in porcelain painting, as a 
fine black, and for some grays. 

29. Nickel is a white brilliant 
metal, which acts upon the magne- 
tic needle, and is itself capable of 
becoming a magnet. Its magnetism 
is more feeble than that of iron 
and vanishes at a heat somewhat 
below redness. At 630° it i3 ductile 
and malleable : its specific gravity 
varies from 8-27 to 8*40 when fused, 
and after hammering, from 8*69 to 
9 00. It is not oxidised by exposure 
to air at common temperatures ; but 
when heated in the air, it acquires 
various tints, like steel: at a red 
heat, it becomes coated by a gray 
oxide. 

30. Osmium. (See Iridium.) 

31. Palladium is of a dull white 
colour, malleable and ductile. Its 
specific gravity is about 11*3, or 
11*86 when laminated. It fuses at 
a temperature above that required 
for the fusion of gold. 

32. Platinum is a white metal, 
extremely difficult of fusion, and un- 
altered by the joint action of heat 
and air. It varies in density from 21 
to 21*5, according to the degree of 
mechanical compression it has sus- 
tained. It is extremely ductile, but 
cannot be beaten into such thin leaves 
as gold and silver. 

33. Rhodium, discovered in 1803 
by Dr. Wollaston, is a white metal, 
very difficult of fusion. Its specific 
gravity is about 11; it is extremely 
hard. When pure, the acids do not 
dissolve it. 

34. Silver is of a more perfect 
white than any other metal ; it has 
considerable brilliancy, and takes 
a high polish. Its specific gravity 
varies between 10*4, which is the 
density of cast silver, and 10*5 to 10*6, 
which is the density of rolled or 
stamped silver. It is so malleable and 
ductile, that it may be extended into 
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leaves not exceeding a 10000 th of an 
inch in thickness, and drawn into 
wire much finer than a human hair. 
Silver melts at a bright red heat, es- 
timated at 1873° Fahr., and when in 
fusion appears extremely brilliant. 

35. Tellurium. This substance 
scarcely admits of being called a 
metal : it resembles sulphur and 
selenium. It is of a tin white colour. 

36. Tin has a silvery white colour, 
with a slight tint of j'ellow: it is 
malleable though sparingly ductile. 
Common tin-foil, which is obtained 
by beating out the metal, is not more 
than th of an inch in thickness, 
and what is termed ‘white Dutch 
metal’ is in much thinner leaves. 
Its specific gravity fluctuates from 
7*28 to 7*6, the highest being the 
purest metal. When bent, it occa- 
sions a peculiar crackling noise 
arising from the destruction of cohe- 
sion amongst its particles. When a 
bar of tin is rapidly bent backwards 
and forwards several times succes- 
sively, it becomes so hot that it can- 
not be held in the hand. When 
rubbed, it exhales a peculiar odour. 
It melts at 442°, and by exposure to 
heat and air is gradually converted 
into a protoxide. 

37. Titanium, discovered by 
Klaproth in 1795. When titani- 
ferous iron ores are smelted, cubic 
crystals of a bright copper colour 
are separated out in the slag : these 
were long thought to be metallic 
titanium, but are now known to be 
a compound, from which the pure 
metal can be obtained by heating 
with potassium. It is supposed by 
6ome to give great hardness to iron 
and steel. 

38. Tungsten, called also Wolf- 
ram. It is found native as an oxide 
associated with tin ore, and as a 
tungstate of lime. Oxide of tung- 
sten is used as a substitute for white 
lead, and some of the salts of tung- 
sten are used in the arts. 

39. Vanadium. But little known 
in its metallic states. Some of the 
salts are used. 

40. Uranium, discovered as a 
metal in pitchblende by Klaproth 
in 1789. It is a hard and malleable 
metal; its specific gravity 18*4. 
The oxide of uranium is used for 
colouring glass, 
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41. Zinc is a bluish- white metal, 
with considerable lustre; rather hard ; 
of a specific gravity of about 6*8 in 
its usual state ; but when drawn into 
wire, or rolled into plates, its density 
is augmented to 7 or 7*2. In its 
ordinary state, at common tempera- 
tures, it is tough, and with difficulty 
broken by blows of the hammer : it 
becomes very brittle when its tem- 
perature approaches that of fusion, 
which is about 773° ; but at a tem- 
perature a little above 212°, and 
between that and 300°, it becomes 
ductile and malleable, and may be 
rolled into thin leaves, and drawn 
into moderately fine wire, which, 
however, possesses but little tenacity. 
When a mass of zinc which has been 
fused is slowly cooled, its fracture 
exhibits a lamellar and prismatic 
crystalline texture. The pipes of 
the great organ in the town-hall at 
Birmingham, and in that of York ca- 
thedral, are made principally of sheet 
zinc. 

Besides those there are the follow- 
ing, including the more recently dis- 
covered metals: — 42 Niobium; 43. 
Pelopium; 44. Cesium; 45. In- 
dium ; 46. Kubidium ; 47. Thal- 
lium; 48. Gallium. 

Meteorology, the term now used for 
the purpose of designating the science 
which observes, registers, classifies, 
and compares the various and vary- 
ing phenomena of our atmosphere. 
It remarks, at the same time, the 
connection of those phenomena with 
heavenly bodies, and with the solid 
and liquid materials of the earth, in 
reference to their reciprocal and com- 
bined influence in determining the 
character of different climates, and 
with the view of learning the mete- 
oric history of every region of our 
globe, of ultimately investigating the 
laws of atmospheric change, the plan 
of meteoric action ; the theory, in 
fact, of meteorological phenomena, on 
which depend essentially the fitness 
of the various portions of the earth’s 
surface for the production of different 
vegetable and other substances, and 
for the support of animal life. 

Meteorological phenomena are 
not confined to the inferior regions 
of the atmosphere, but extend as far 
as observations have reached. It is 
possible their influence may extend 
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universally, and therefore it is desir- 
able to know whether there exists 
throughout space a medium, or 
conductor, or whether there is such a 
thing in nature as vacuum. Some 
have, it is true, endeavoured to 
reconcile opinions so diametrically 
opposed to each other, by suggesting 
that the universe, though infinite, is 
a plenum and a void ! This (the 
doctrine of Leucippus) a recent 
author declares to be really true ; 
and some conceive that the New- 
tonian theoiy necessarily implies the 
reality of a void, the atmospherical 
calculations on which that theory 
rests having been made without any 
allowance for the resistance to the 
motions of the planets, which might 
be experienced from a material 
medium. 

Methyl, wood alcohol, with a peculiar 
odour. 

Methylated spirit : ordinary alcohol, 
when mixed with ten per cent, of 
Methyl , is so called: it may he sold 
duty free. 

Metoche, the intervals between two 
denticuli in the Ionic entablature. 

Metope, the spaces between the 
triglyphs of the Doric fiieze, which 
in the Parthenon, for instance, were 
filled in with sculpture ; but in 
modern porticoes that arc said to be 
after the Parthenon they are mere 
blanks. 

Metre, a French measure equal to 
39*37079, about inches more than 
a yard. (See Weights and Measures.) 

Mezuzoth, a name given to certain 
pieces of parchment which were 
anciently fixed on the doorposts of 
houses. 

Mezzanine, a low intermediate story 
between two higher ones. 

Mezzo-relievo, projection of figures 
between alto- and basso-relievo ; 
demi-relievo. 

Mezzotinto, a kind of engraving 
nearly resembling painting, effected 
by scraping and burnishing the 
copper. 

Mica, an important ingredient in the 
composition of rocks, consisting cf 
silica, alumina, oxide of iron, and 
potash ; it is easily divided into 
laminae even to the «r,J o5 th part 
of an inch, and is distinguishable 
from laic by its elasticity ; in Russia 
it is used instead of window glass. 


Micoeoulier. (See Nettle Tree.') 

Micrometer, an instrument for mea- 
suring small spaces. 

Microscope, an optical instrument 
for rendering visible minute objects: 
the simple microscope has one lens 
only, and magnifies by permitting a 
near view of the object : in the com- 
pound microscope, a focal image i3 
again magnified by other lenses. 

Middle-ground is a term used, not 
to express the middle of a picture, 
but generally perspectively so:— 
sometimes it is the highest part of a 
picture, and sometimes the second 
degree of shade. Pictures are divided 
into three parts : foreground, middle- 
ground, and back-ground. 

Middle-rail. The rail of a door which 
is upon a level with the hand when 
hanging freely ; the lock of a door 
is generally fixed on this rail. 

Midship signifies the middle of a ship. 

Midship-bend, the broadest frame in 
the ship called the 4 dead-flat.’ 

Milestones. The use of stones to 
mark the distances from one place 
to another appears to be very 
ancient. Pliny says, the miles on 
the Roman roads were distinguished 
by a pillar, or a stone, set up at the 
end of each of them, and which was 
marked with one or more figures, 
signifying how far it was from the 
MilHarium Aureum, a pillar in the 
forum near the temple of Saturn 
which had on it the figure I., so that 
the next pillar to it, which was 
marked II., was but one mile from 
the standard pillar. 

Mill, in metallurgy , the mill is that 
part of the iron works where puddled 
bars are converted into merchant 
iron, whether in the form of bars, 
rods, or sheets. 

Mill furnace, in metallurgy. (See 
Reheating Furnace.) 

Milliare, a Roman mile, consisting 
of 1,00U paces of 5 feet each, and 
therefore = 5,000 feet ; taking the 
Roman foot at 11*6496 English 
inches, the Roman mile would be 
1,618 English yards, or 142 yards 
less than the English statute mile. 

Milligramme, a French measure 
equal to 0-01513 English grains. 
(See Weights and Measures.) 

Millimetre, a French measure equal 
to 0*03937 English inches. (See 
Weights and Measures.) 
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Mills for the grinding of grain into 
flour are of several kinds ; wind- 
mills, with sails to be impelled by 
the action of the wind, over-shot 
and under-shot ; and the horizontal 
or turbine water-wheels. Mill 
machinery is used for the grinding 
of tobacco into snuff, impelled by 
wind, particularly in Holland, whet e 
stupendous structures can be seen 
on the road from Rotterdam to the 
Hague. Mills are also used, pro- 
pelled by steam or water, for the 
grinding of bark, preparing of llax, 
sawing of timber, and for the many 
and varied purposes in manufacture. 
In the ‘Papers on Engineering,’ 
vol. vi., will be found an interesting 
paper by Mr. Faiibairn on 4 Water- 
Wheels with Ventilated Buckets.’ 

Millwrights’ Planing Machine. 
This machine is similar in principle 
to the ordinary planing machine (see 
Planing Machine), except in ca^es 
where heavy woik is required to be 
planed, when a machine with a 
movable tool and fixed table is 
used. The advantage of this ar- I 
rangement is that very large and | 
heavy castings are planed, which 
could not be moved to and fro, as 
in the ordinary machines, without 
great loss of power. It is placed 
over a pit made for the purpose, 
with steps to descend into it. The 
two side frames are bolted to the 
ground, and the table has a series 
of apertures for bolts to fix the 
work upon it, and can be raised or 
lowered to any required height by 
four strong screws, one at each 
corner. Tne horizontal and ver- 
tical slides are placed over the work 
in the usual manner, and are at- 
tached to a light frame, which, 
when the tool is adjusted to the 
work by the vertical slide, is moved 
to and fro, carrying with it the 
slides and tool, and at the end of 
each backward stroke a lappet, or 
other contrivance, sets the vertical 
slide and tool a little further across 
the table, until the entire surface is 
planed. 

Mimosa, the pods and bark of Proso- 
pis : it is imported for turning. 

Minaret , in Mohammedan architecture , 
a spire or steeple. 

Mine. In a general sense the word 
mine is an opening underground from 


which anything is dug, and it appears 
to be derived from the Latin mhiare > 
a word of the lower ages, signifying 
ducere, to lead ; hence to draw or lead 
a way or passage underground. Until 
the opening is made into the earth, the 
term mine is not properly applied; 
although it is sometimes locally used 
to signify the coal, iron, lead, <fcc., 
before the opening is made for digg-_ 
ing them out. Mining, in its proper 
sense, was certainly carried on in 
Biitain before the Roman Conquest 
and during the Roman occupation. 
After the Romans had abandoned 
Britain, this art, in common with 
many others, fell into decay, the 
necessary consequence of civil com- 
motion. For a long period our mines 
were worked by foreigners, and after 
the Norman Conquest, chiefly by 
Jews. In the reign of Elizabeth, 
the Germans, who had long been 
celebrated as skilful miners, had 
inducements held out to them to 
settle in this country, which they 
appear to some extent to have done. 
In the following reign, Sir* Hugh 
Myddclton expended the revenue 
which he derived from some lead and 
silver mines in Cardiganshire, in 
supplying London with fresh water 
by means of the New River. About 
this time the introduction of gun- 
powder into mining operations led 
to many decided improvements. The 
lh’bt use of this powerful agent is 
said to have been made in IGl'O in 
Hungary or Germany, and in. the 
same year it was introduced into 
England at the copper mine at Ecton, 
in Staffordshire, by some German 
miners brought over by Prince 
Eupeit. It was not, however, used 
in Cornwall until a considerably 

later period. In metallurgy , the 

iron-stone (iron-ore) of whatever 
kind u.ed iu the blast furnace is so 
called. 

Mins-kiln, in metallurgy , a kiln in 
which iron-ore is calcined previously 
to its being placed in the blast- 
furnace. 

Mineral Black is an anthracite of a 
soft text me, found in Devonshire. 

Mineral Blue, a pigment known also 
as Mountain Blue, Hambro’ Blue, etc., 
made from carbonate of copper, hy- 
drated oxide of copper, and lime. 

Mineral Candles, the name given to 
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candles made of paraffine obtained 
from the native bitumens. 

Mineral Green is the commercial 
name of green lakes, usually combi- 
nations of arsenic and copper. 

Mineral Yellow, a name given to 
yellow ochre, and yellow arsenic ; 
also a pigment made of chloride of 
lead. 

Mineral Purple, the Purple of Cas- 
sius, which see. 

Mineralogy forms one of the three 
great divisions into which natural 
history or the knowledge of natu- 
ral objects has been classified; the 
other two being botany, devoted to 
plants, and zoology, to animals. 
Mineralogy is also distinguished 
from geology, inasmuch as it re- 
gards the characters - of minerals 
in detail, without regard to their 
formation and general distribution 
in the crust of the earth, which 
belong to geology. If the compo- 
sition of a mineral substance is to 
be considered, then mineralogy 
forms a portion of chemistry ; but 
in its more limited sense, mine- 
ralogy is the art of distinguishing 
mineral substances from each other, 
and the science of accurately de- 
scribing and arranging them, by 
what may be termed a natural clas- 
sification. 

Mingy, in mining , a mining term 
used in Leicestershire for soft or 
brittle. 

Mining. There is an essential differ- 
ence. between civil and military 
mining : in the former, the works 
are frequently carried on at consi- 
derable depths below the surface of 
the earth, and sometimes in solid 
rock: whereas military mining is 
what may be termed superficial, and 
consequently the military miner 
works through the more recent forma- 
tions of earths and sands, which, from 
their little tenacity, lie has to sup- 
port as he advance's. For the better 
ventilation of mines, several ma- 
chines have been invented ; they arc 
mostly fan*, and depend for their 
action on centrifugal force, drawing 
the air out of the workings. In 
collieries furnaces are commonly used 
to draw the air out of the workings. 
There are now (J872) in the United 
Kingdom the following number of 
mines in active operation 


Coal Mines 
Copper and 
Lead 
Iron 
Zinc 


Tin 


2,851 

239 

239 

196 

40 


Minion. The siftings of iron-stone 
after calcination at the iron-furnaces. 

Minium, Red. Lead, Deut oxide of 
Lead, a common red pigment. 

Minster, a cathedral, anciently a large 
church. 

Mint. The place where gold, silver, 
and copper are coined. 

Minute, a proportionate measure, in 
architecture , by which the parts of 
the orders are regulated ; the sixtieth 
part of the lower diameter of the 
shaft of a column, written thus, 10', 
i.e. ten minutes ; in geography and 
astronomy , the sixtieth part of a 
degree. 

Miserere. Projecting brackets in the 
under side of the seats of stalls in 
churches ; they are always more or 
less ornamented with carvings of 
leaves and grotesque subjects. 

Mitis Green. (See Emerald Green.) 

Mitre, an episcopal crown. In car- 
pentry, the line formed by the meet- 
ing of mouldings or other surfaces 
which intersect each other. If two 
pieces of wood be formed to equal 
angles, or if the two sides of each 
piece form equal inclinations, and 
thus be joined together at their com- 
mon vertex, so as to make an angle 
double to that of cither piece, they 
are said to be mixed together, and 
the joint is called the ‘mitre.’ 

Mitre-wheel, a wheel having teeth 
formed so as to work at an angle of 
4.0° to the centre line of the shaft on 
which it is fixed, to move with 
another wheel of equal size, fixed on 
a shaft at right angles to the former 
one. 

Mixed Citrine. There are two prin- 
ciples of combination of which the 
artist may avail himself in producing 
these colours ; the one being that of 
combining two original secondaries, 
green and orange, in producing a 
citrine; the other, the uniting the 
three primaries, in such a manner 
that yellow may predominate in the 
case of citrine, and blue and red be 
subordinate in the compound. 

Mixed Colours. Such colours as 
arc used in glass-making, where 
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the metallic oxides for producing 
the colour are only mixed -with the 
flux. 

Mixed Grays are formed by the com- 
pounding of black and white, which 
yields neutral grays, and of black 
and blue, black and purple, black 
and olive, etc. 

Mixed Greens, compounds of blue 
and yellow pigments which may be 
lormed by compounding them in 
several ways of working, or by 
blending them in the proportion 
of the various hues required. 

Mixed Olive is compounded by mix- 
ing green and purple colours, or by 
adding to blue a smaller portion of 
yellow and led, or by breaking much 
blue with little orange. 

Mixed Orange. Orange being a co- 
lour compounded of red and yellow, 
the place of original orange pigments 
may be supplied by a mixture of the 
two latter colours, by glazing one 
over the other; by* stippling, or 
other inodes of breaking and inter- 
mixing them in woiking, according 
to the nature of the work and the 
effect lequired. 

Mixed Purple. Purple being a 
secondary colour, composed of blue 
and red, it follows of course that anv 
blue and red pigments which are 
chemically at variance, may be used 
in producing a mixed purple of any 
required hue, either bv compounding 
or by grinding them together ready 
for use or by combining them in the 
various modes of operation in paint- 
ing. 

Mixed Russet. Orange, vermilion, 
and madder purple afford a com- 
pound russet pigment of a good and 
durable colour. 

Mixtion. The medium used for fixing 
gold leaf on wood or distemper 
pictures ; it is made by a mixture of 
one pound of amber, four ounces of 
mastic, and one of Jews’ pitch dis- 
solved in spirit or oil. 

Mizen-mast, in ship-ringing, the mast 
next the stern. 

Mock lead, wild lead, black lead, 
or black jack, a ponderous black 
mineral, sulphide of zinc. 

Mock ore, in mining , a very hard 
stuff found in veins amongst ore, 
sometimes it is applied to Black Jack 
and sometimes to Wolfram. 

Model, a pattern used for moulding ; 
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a machine or building executed in 
miniature. 

Modillion, a projecting bracket under ' 
the corona of the Corinthian and 
Composite orders, and sometimes of 
the Roman Ionic. 

Module, a measure of proportion by 
which the parts of an order or of a 
building are regulated in classical 
architecture ; considered generally 
as the diameter or semi-diameter 
of the lower end of the shaft of 
the column ; in other words, semi- 
diameter of the column, or 30 mi- 
nutes. 

Moellon or Rubble work,stone used 
in a partially dressed condition. 

Molecule, a compound form of atom . 
In physics, a very small mass or 
portion of any body. 

Molybdenum, a brittle and white 
metal rarely used. 

Momentum, in dynamics , is the force 
of a body in motion. When the 
motion of a body is considered with 
respect to the mass, or quantity of 
matter moved, as well as its ve- 
locity. it is called its momentum, 
or quantity of motion. The mo- 
mentum of a body is therefore in 
the compound ratio of its quantity 
of matter and velocity. 

Monastery, an establishment for the 
accommodation of a religious fra- 
ternity, who made it the receptacle 
of benevolence and charity for the 
poor and the way-worn. A con- 
siderable portion of the land was 
formerly occupied by the monas- 
teries and other religious houses 
which existed in Britain, and the 
endowments of these establish- 
ments subsequently became the 
foundation of the great wealth of 
some of the early aristocracy in 
England. 

Of the ample means enjoyed by 
the inmates of these cloistered sanc- 
tuaries, some idea may be formed, 
from the following historical state- 
ment, translated Jrom the preface 
to the ‘ Ely Cartulary,’ preserved in 
the Public Library at Cambridge. 
After the defeat and death of 
Harold, many of the leading men 
of the realm, who had strenuously 
opposed the Bastard, fled for re- 
fuge to Ely monastery, together 
with their friends, ‘laden with 
their richest treasures,’ and with- 
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stood, for ®0fren years, the im- 
petuous threatenings of the Nor- 
mans, until they were unexpectedly 
surprised. ‘Then a council being 
held, it seemed advisable to implore 
the royal mercy ; upon which some 
were despatched to the king’s 
court, at that time at Warwick, 
carrying rich treasures to the king, 
the gift of atonement and compen- 
sation of their misconduct ; with 
which the king was satisfied, but 
on these terms and conditions, — 
that, during his pleasure, forty 
royal officers should be lodged at 
the expense of the monastery. * * 
The knights are sent for, they 
arrive, and are present with their 
household, every one of whom has 
under him a monk of the first order, 
as an officer under his earl, or a 
guest under liis host. But the 
king ordered that the cellarer 
should dispense provisions to the 
officers and monks promiscuously in 
the public hall of the convent. In 
short, the officers with the earls, 
the guests with their hosts, the 
knights with their monks, the 
monks with their knights, w’ere 
most grateful to each other ; for 
each and all of them mutually 
afforded each other the offices of 
humanity.’ — After five years passed 
in this way, the knights were re- 
called by the Conqueror, to assist 
in punishing the unnatural wicked- 
ness of his son Robert ; and * they 
departed with giief; ancl our monks, 
wonderful to relate, lamented the 
departure of these most illustrious 
companions, heroic knights, and 
most pleasing guests, not only in 
tears, but in dismal bowlings and 
exclamations, and struck their 
breasts in despair, after the man- 
ner of a bride w’hose husband is 
unseasonably hurried from her 
sweet embraces to arms. . . All the 
monks accompanied the knights as 
far as Haddenham, with livmns, 
crosses, thuribals, processions, anil 
every solemnity, and, when ic- 
tnrned, took eaie to paint the arms 
of each kniglit on the walls of the 
rcf ctory, to the perpetual remem- 
brance of the uncommon humanity 
of their military guests.’ — In the 
cnitulary the names of the knights, 
foity in number, with their com- 
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panions, arc given ; and their arms 
are emblazoned on the margin. 

Monkey-wrench., a spanner with a 
movable jaw, which can be adjust- 
ed by a screw’ or wedge to the size 
of the nut which it is required to 
turn. 

Monochrome, a painting executed in 
tints of one colour only, in imitation 
of bas-reliefs. 

Monogranq, a cipher composed of two 
or more letters interwoven as an 
abbreviation of a name : monograms 
were common as distinctive marks 
on ancient coins, and were also 
used as seals. 

Monolithic, consisting of a single 
stone ; statues, columns, and pillars 
were formed by the ancients out of 
large blocks of stone or marble. 

Monopteral, a temple which has no 
cella, but consists of columns dis- 
posed in the form of a circle, covered 
with a conical roof. 

Monostyle, a court or temple -with 
only oneirnv of pillars surrounding it. 

Monota, a vase with one handle. 

Monotriglyph, the interval observed 
between the columns of a Doric 
portico, where a space is left suf- 
ficient for the insertion of one tri- 
glyph only between those imme- 
diately over two contiguous columns. 

Monstrance, sometimes called Re- 
monstrance, the vessel in which 
the consecrated wafer or host is placed 
while the congregation are blessed 
with it, in the Roman Catholic 
Church. In the ‘Divers Works of 
Eailv Masters’ 2 voK folio, will be 
found tw’o of the rarest and most 
elaborate examples of tabernacles 
or canopies, in a compartment of 
either of wriiieb the casket or vessel 
containing the sacred vessel is de- 
posited. 

Mont on, in mining, a heap of ore: e 
batch under process of amalgama- 
tion, in Mexico, varying in different 
districts. 

Monument, a mausoleum or tomb. 
Sepulchral monuments of the mid- 
dle ages still exist to a considerable 
extent, both here and on the Con- 
tinent. Monuments and tombs of 
modern date are designed from 
Classical and Got.ric architeetuie, 
and in many instances are beautiful 
examples of modern art. 

Moor, pronounced Morre , in Cornish a 
' 2S» 
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root, or quantity of ore in a particular 
part of a lode, as a 4 moor of ore,’ a 

‘ moor of tin.’ A root of a tree or 

shrill). 

Moorish, Mohammedan, or Sara- 
cenic Architecture, i" a combina- 
tion of Egyptian, (Treiian, and Ro- 
man details ; lir^t established by the 
Arabs about the tenth century : its 
complicated ornament and lattice- 
work are rich and peculiar. Many 
existing examples aie interesting; 
but the style is not adapted to 
European usages and requirements. 
(See A rch i ted ure.') 

Moot-hall, or Moot-house, in Saxon 
times, a building appropriated to 
assemblies on public affairs ; a guild- 
hall or town-hall ; hotel de ville , etc. 

Mora wood. This tree is 100 feet 
high, and abundant ; it is clo-e- 
grained, like teak, and supeiior to 
oak ; esteemed for ship-building. 

Morbidezza, an Italian word applied 
in art to the flesh tints to expreb* the 
peculiar delicacy and softness which 
is seen in natuie. 

Mordant, a chemical preparation 
applied to a textile fabric for the 
purpose of fixing the colour in the 
process of dyeing. (See Mutn.n.) 

Mor e sque , a ki n< 1 of p am t i n g, c ar v m g, 
etc., in the aiabe-que and grote-que 
styles of ornament. 

Morse, the fastening for the cope. 

Mortar, a mixture of blacked lime in 

a state of paste with '•and.- The 

materials w hich are added to lime, 
in the formation of mortars or cal- 
careous cement*, are, ht, the different 
kinds of sand, properly so called ; 
2nd, arenes ; ord. p-ammites ; 4th, 
clays; 5th, volcanic or pseudn-vol- 
canic products ; and Oth, artificial 
products arising from the calcination 
of the clays, the arenes, and the 
p^aminites ; and the lubbhli and 
blag of manufactories, forges, etc. 

ixgkediexts of mortar. 

Saxd.— T he granitic, schistose, 
and calcareous rocks, free- "tone*, 
etc., reduced to tlse state of hard 
and palpable grains, either by the 
agitation of water, or by spontane- 
ous disaggregation, give birth to 
the various kinds of sand. We dis- 
tinguish them from powders by 
their falling at once to the bottom, 
when thrown into limpid water. 


and that without altering its trans- 
parency in any sensible degree. 

The di-aggregation of rocks is 
often accompanied by a decompo- 
sition which produces a powder : 
this powder renders the sand ‘ rich,’ 
or, in other terms, susceptible of a 
cei tain cohesion, when tempered 
with water. Washed by rains ami 
cun cuts of water, it is soon freed 
from the pulvei ulent particles, and 
is deposited pure in the beds of 
liver*. This, purity is often changed 
near the mouth', of streams., and in 
the small rivulets whose tributaries 
flow over a bed of clay or mould : 
the sand mixes with vegetable de- 
bris and animal matters, and be- 
comes * loamy.’ The particles com- 
posing sand faithfully represent 
tliobC of the rocks whence they 
are derived. The granitic regions 
furnish quartz, felspar, and mica ; 
and the volcanic regions, lavas of 
all kinds. The tabular-shaped 
sand", wlio^e particles are tender, 
are furnished by the schistose 
mountain*. It is difficult for them 
to b'* transposed far without being 
l educed to powder. 

The calcareous sands are the 
lea-t common, probably arising 
fn.m the bet that mars generally 
take their li-e from primitive sum- 
mit*. or Mich as are composed of 
primitive elements. The calcare- 
ous locks, be*nle?, are most suscep- 
tible of that kind of disaggregation 
which can be called granitic; for 
if they be of a soft kind, they pro- 
duce powder ; if hard, scaly splinters. 

The paitial and secondary revo- 
lutions of the globe have occasioned 
immense deposits of sand in situa- 
tions where now neither brooks 
nor liveis flow: the-e are the fos- 
sil sand*. ; and they should be care- 
fully di"tingui"hed from the virgin 
sand", which are still in their origi- 
nal "ite, and have not been operated 
on by the waters. 

The fo-sil &ands generally exhibit 
a mine angular cram than the sea 
or liver samK; but con-i-t for the 
most part of the same element*, 
sometimes pure, sometimes coloured 
by ochies, etc. 

Among the fossil sands is one 
very remarkable, the arene. Its 
properties entitle it to attention. 
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A rene is a sand, generally 
quartzose, with very irregular, un- 
equal grains, and mingled with, 
yellow, red, brown, anti sometimes 
white clay, in proportions varying 
from one to three-fourths of the 
whole volume. 

The arene almost always occu- 
pies the summits of the rounded 
and moderately-elevated hills : it 
sometimes constitutes entire hil- 
locks ; frequently it interposes it- 
self in large veins and seams in the 
clefts of calcareous rocks: it be- 
longs essentially to alluvial soils. 

Psammitks is a term applied to 
an assemblage of tlie grains of 
quartz, schist, felspar, and particles 
of mica, agglutinated by a variable 
cement. The varieties of these are 
very numerous: those which in 
appearance strongly resemble the 
free-stones and siliceous breccias 
belong to the class of rocks whose 
disaggregation furnishes sand, pro- 
perly so called. Hut the p'-am- 
mites, which are slaty, of a yellow 
red or brown colour, line-grained, 
unctuous to the touch, producing 
a clayey paste with water, form a 
distinct species, and one which 
merits attention. 

These last belong to the primi- 
tive schistose formations : they do 
not and cannot exist except in situ ; 
they are found in beds or veins, 
forming part of the schist of which 
they are merely a decomposition. 

Clays are eaithv substances va- 
riously coloured, line, soft to the 
touch, which diffuse in uater with 
facility, forming itli it a paste, 
which, when kneaded to a eeitain 
consistency, possesses unctuosity 
and tenacity, and may be drawn 
out and kneaded in every direction 
without separating. The clayey , 
paste, when dried, retains its soli- 
dity, hardness in the fire, etc. 

Clays are essentially composed 
of silica and alumina : these two 
substances are adulterated by the 
presence of the oxide of iron, the 
carbonates of lime and magnesia, 
sulphuret of iron, and of vegetable 
combustible matter partly decom- 
posed. 

The clays are separated into four 
classes: viz. tlie refractory, which 
resist, without melting, the heat of 
o 2 


the porcelain furnaces (140° Wedg- 
wood) ; the fusible clays ; the ef- 
fervescing or clayey marls ; and, 
lastly, the oclirev clays, coloured 
red or pure yellow by oxide of iron. 

The position of clays is very va- 
ried : they are found as veins in pri- 
mitive formations ; in hillocks, on 
the coniines of the primitive chains; 
iu horizontal bed*, or layers, in the 
secondary formations ; in threads, 
thin vein*, or infiltrations, in chinks 
and hollows of calcareous masses ; 
lastly, in volcanic regions, where 
their formation is attributed to the 
decomposition of the compact lavas, 
and perhaps also,with some probabil- 
ity, to miry eruptions. Considered 

as a plastic material, mortar tit for 
moulding mav be made to take every 
possible ioim in moulds or shapes. 
To give it the appearance of stones 
it should be made with fine colour- 
less sand, or rather with fine calca- 
reous powders derived from hard 
stones. 

Mortar contained in a mould may 
be beaten or rammed in the manner 
of pUe, — ‘a mode of building for- 
meily in use, whereby walls were 
formed by ramming and beating 
down earth, clay, etc., between up- 
light planks,’ — and acquires by 
that means great compactness ; but 
an increase of resistance does not 
always result from this. 

In order that any material be 
beaten with effect, it is necessary 
that it should poa?ess a certain de- 
gn e of consistency, which is a mean 
between complete pulverulence and 
that state ot ductility which con- 
stitutes a firm paste. No compres- 
sion is possible when the material 
escapes from under the rammer ; 
and this is still practised by the 
1 udders in pise, who never employ 
any but earth slightly moistened. 
Mortar may always be prepared in 
this way, leaving it, after it has been 
worked in the ordinary manner, to 
undergo desiccation to a proper 
extent. 

The successive approximation of 
the pai tides of the compressed 
material to one another neces- 
sarily determines a foliated struc- 
ture, which, though it may not 
be perceived, is nevertheless real. 
Analogy will lead to tlie conclusion, 
21U 
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that, iii every possible case, a body 
thus formed ought to oppose a 
greater resistance to a tractile force 
in proportion as its direction forms 
a smaller angle with the plane of 
the laminae ; however, experience 
shows that this in general does not 
take place. The following has been 
determined in this respect : — 

1st. Beating has the effect of 
augmenting the absolute resistance 
of mortars of rich limes and pure 
sand in every case, but in an un- 
equal manner. The greatest re- 
sistance assumes a direction } tor- 
pen dicular to the planes of the 
laminae when the mortars are buried | 
in a damp soil immediately after 
their fabrication. It remains pa- , 
rallel to these same planes when j 
the mortars have been exposed to | 
the atmospheric influence. 

2nd. The effect of beating is 
not constant!}' useful to mortars of 
hydraulic or eminently hydraulic 
limes, and calcareous or quartzose 
sands or powders, except in the ; 
case when these mortars are u-ed j 
under a damp soil. The greatest 
reristance is then in a direction 
perpendicular to the planes of these 
laminae, as with the mortars of rich 
limes ; but in the air, the superiority 
of the mortars which have been 
beaten over those which have not 
is only exhibited in one direction, 
and that is parallel to the plane of 
the laminae. 

3rd. Beating becomes injurious 
in every case when the hydrates of 
the hydraulic or eminently hydrau- 
lic limes are employed without 
admixture, and subjected to the 
influence of a damp soil ; and is 
favourable to it only in the direc- 
tion parallel to the laminae when 
the stuff dries in the air. 

Considered as a plastic sub- 
stance, the numerous casts which 
have been moulded, both in the bas- 
relief and alto-relievo, prove that 
mortar receives and retains impres- 
sions well : their hardness is con- 
tinually on the increase, and a kind 
of vamif-h, with which time covers 
them, gives them a strong resem- 
blance to stone. 

One problem remains to be solved, 
viz. to discover a means of hastening 
the set of mortar without injuring its 


future qualities ; and this, in order 
to avoid being obliged to multiply 
moulds indefinitely for the same 
casting. This last desideratum ap- 
pears to be difficult. The natural 
cements, which harden almost in- 
stantly in the air and in the water, 
when " worked up like plaster of 
Paris, are subject to the inconveni- 
ence of being tinged brown. Such 
as are fabricated artificially, by cal- 
cining mixtures of lime and clay 
free from iron, do not stand the 
weather. 

Mortar of hydraulic lime may be 
employed as a plastic substance in 
a multitude of cases, in which the 
number of moulds is no inconveni- 
ence. Such is the case in the pre- 
paration of artificial stones bearing 
mouldings, vases, or ornaments of 
any kind susceptible of formation 
by the rectilinear or circular move- 
ment of a profile. It is evident 
that it will then answer to set the 
mould in a trench, and run the 
profile along the clayey paste, pre- 
pared and arranged for that pur- 
pose. The economy which such a 
process would introduce into orna- 
mental constructions is indeed in- 
credible. 

Mortars, Hydraulic. (See Hydrau- 
lic Mortars .) 

Mortise, in carpentry , a hole cut in a 
piece of wood, to receive a corre- 
sponding piojection formed upon 
another piece. 

Mortise and Tenon. The following 
rules inav be referred to as data 
for the workman in ordinary prac- 
tice. 

The tenon, in general, may be 
taken at about one-third of the 
thickness of the w r ood. 

When the mortise and tenon are 
to lie horizontally, as the juncture 
will thus be unsupported, the tenon 
should not be more than one-fifth 
of the thickness of the stuff, in 
order that the strain on the upper 
surface of the tenoned piece may 
not split off the under-cheek of the 
mortice. 

When the piece that is tenoned is 
not to pass the end of the mortised 
piece, the tenon should be reduced 
one-third or one-fourth of its breadth, 
to prevent the necessity of opening 
one side of the tenon. As there ia 



M-S 


MOSAIC (THE) BOOKS. 


MOT 


always some danger of splitting the 
end of the piece in which the mortise 
is made, the end beyond the mortise 
should, as often as possible, be made 
considerably longer than it is in- 
tended to remain ; so that the tenon 
may be driven tightly in, and the 
superfluous wood cut off at terwards. 

But the above regulations may be 
varied, according as the tenoned 
or mortised piece is weaker or 
stronger. 

The labour of making deep mortises, 
in hard wood, may be lessened, by 
first boring a number of holes with 
the £uger in the part to be mortised, 
as the compartments between may 
then more easily be cut away by the 
chisel. 

Before employing the saw to cut 
the shoulder of a tenon in neat 
work, if the line of its entrance be 
correctly determined by nicking the 
place with a paring chisel, there 
will be no danger of the wood being 
torn at the edges by the saw. 

As the neatness and durability of 
a juncture depend entirely on *the 
sides of the mortise coming exactly 
in contact with the sides of the tenon, 
and as this is not easily performed 
when a mortise is to pass entirely 
through a piece of stuftj the space 
allotted for it should be first cor- 
rectly gauged on both sides. One 
half is then to be cut from one side, 
and the other half from the opposite 
side ; and as any irregularities which 
may arise from an error in the direc- 
tion of the chisel will thus be con- 
fined to the middle of the mortise, 
the} r will be of very little hindrance 
to the exact fitting of the sides of 
the mortise and tenon. Moreover, 
as the tenon is expanded by wedges 
after it is driven in, the sides of the 
mortise may. in a small degree, be 
inclined towards each other, near the 
shoulders of the tenon. 

M-roof, a roof formed by the junction 
of two common roofs with a vallum 
between them. 

Mosaic (The) books, and the other 
historical books of the Old Testa- 
ment, are not intended to present, 
and do not present, a picture of hu- 
man society, or of our nature drawn 
at large. Their aim is to exhibit it 
in one master relation, and to do 
this with effect, they do it, to a great 


extent, exclusively. The Homeric 
materials for exhibiting that relation 
are different in kind as well as in 
degree ; but as they paint, and paint 
to the very life, the whole range of 
our nature and the entire circle of 
human action and experience, at an 
epoch much more nearly analogous 
to the patriarchal time than to any 
later age, the poems of Ilomer may 
be received in the philosophy of 
human nature, as the complement of 
the earliest portion of the sacred 
records. (Gladstone.) 

Mosaic -work, the art of picturing 
with small pebbles aud shells of 
various colours, pieces of glass, 
marble, etc., cemented on a ground 
of stucco. 

Mosaic gold, or Ormolu, a mixture 
of copper and zinc which somewhat 
resembles gold and is used for cheap 
jewellery and other ornamental pur- 
poses. 

Moslings, shreds of leather used for 
removing oil from metals that are 
being polished. 

Mosque, a Mohammedan temple. 

Mother-of-pearl, the internal layer 
of several kinds of shells, more espe- 
cially oysters. It is silvery and 
brilliant 1 , and is generally variegated 
with beautiful changing colours. 

Motif, that which suggests a hint or 
idea to an artist; also the hint 
itself. 

Motion. The cross head, cross-head 
guides, and blocks, in a locomotive 
engine, taken as a whole, are called 
‘ the motion.’ 

Motion (Laws of). A body must 
continue fur ever in a state of rest, 
or in a state of uniform and rectili- 
neal motion, if it be not disturbed by 
the action of some external cause. 
The alteration of motion produced in 
a body by the action of any exter- 
nal force is always proportional to 
that force, and in the direction of 
the right line in which it acts. The 
action and reaction of bodies on one 
another are equal, and are exerted 
in opposite directions. 

Motion of bodies on inclined 
planes. The force of an inclined 
plane bears the same proportion to 
the force of gravity as the height of 
the plane bears to its length ; that 
is, the force which accelerates tha 
motion of a body down an inclined 
293 
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plane, is that fractional part of the 
force of gravity which is represented 
by the height* of the plane divided 
by its length. 

Mould, the model or pattern nsed by 
workmen as a guide in woiking 
mouldings and ornaments, in the 
casting of metal, and models of ma- 
chinery. 

Mouldings, a term applied to all the 
varieties of outline or contour given 
to the angles of the various subordi- 
nate parts and features of buildings 
whether projections or cavities, such 
as cornices, capital-, Im-cs, door or 
window' jamb?, and heads, etc. There 
are eight sorts of regular mouldings, 
\ iz. the Ovolo, the Talon, the Cymn, 
the Cavetto, the Torus the Astragal, 
the Scotia, and the l ilkt. These 
mouldings are not to be used at 
hazard, each having certain situ- 
ations adapted to its reception, to 
which it must always be applied. 
Thus the ovolo and talon, from their 
peculiar form, seem intended to sup- 
port other impel l ant mouldings or 
Greek. 


members; the cvma and cavetto, 
being of weaker contour, should only 
be used for the cover or shelter of 
other parts ; the torus and astragal, 
bearing a resemblance to a rope, 
appear calculated to bind and fortify 
the parts to which they are applied ; 
the u-e of the fillet and scotia is to 
separate one moulding from another, 
and to give a variety to the general 
profile. The ovolo and talon are 
mostly jdaccd in situations above 
the level of the eye; when below it, 
they should only be applied as 
crowning members. The place for 
the setia is universally below the 
level of the eye. When the fillet is 
very wide, and used under the cyma 
of a cornier, it is termed a corona ; 
if under a corona, it is called a band. 

The curved contours of mouldings 
are portions of either circles or 
ellipsis. 

The principal mouldings, and the 
difference of their profiles in the 
Giecian and lioman styles, are here 
exhibited. 

Roman. 


Echinus or 
Ovolo. 




Cyma Recta. 




Cyma Ite- 
versa. 




Scotia . 



Torus. 
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Mouldings, in mining , the ore found 
on the tops of veins near the surface 
of the ground. 

Moulding, the process of forming a 
cavity in sand or loam, in order to 
give its form to metal which is ap- 
plied in a fluid state; an ornamen- 
tal cavity in wood, stone, or other 
suitable material. 

Mountain-blue. A very beautiful 
substance of this kind, a carbonate 
of copper, both blue and green, is 
found in Cumbeiland. None of these 
blues of copper aic, however, dur- 
able ; used in oil, they become green, 
and, as pigment**, are precisely of 
the character of verditers. 

Mountain-green is a native carbo- 
nate of copper, combined with a 
■white earth, and often striated with 
veins of mountain-1 due, to which it 
bears the same relation that green 
verditer does to blue vciditer ; nor 
docs it ditler from the*e and other 
copper-green* in any property essen- 
tial to the painter. 

M.S., an abbreviation commonly u«ed 
on tomb-stones or monumental tab- 
lets for the Latin words Memot uc 
tijcriim, ‘Sacred to the Mommy:* | 
the letters I.J/.S . are often si m daily 
applied in sa< red editi-’C*, for Jesus 
Hnminum Salvator , — ‘ Jems the Sa- I 

viourof Men.’ M.S. is al*o manu- ! 

script: manu script um, wntten with 
the hand. 

Mud-holes, the covered openings in 
the bottom of a boiler for discharg- 
ing the dirt and sediment. 

Mud-plugs, in locomotive engines , 
tapered screw-plugs litted into con- 
venient parts of the boiler, to admit 
of its being washed out by these 
plug-holes when necessary. 

Mulberry-tree, a wood of gloat va- 
riety, principally from Rio Janeiro, 
very suitable lor furniture. 

Mule -jenny, a machine used in the 
manufacture of cotton thread. 

Muller, a pestle made of stone or 
glu'-S flattened nt the bottom. It is 
used by artists with a p'ate of a 
similar substance lor grinding th-.ir 
pigments. 

Mullion, the division between the 
lights of windows, screens, etc., in 
Gothic architecture: the styles or 
upright divisions in wainscoting are 
also sometimes called mul lions. 

Mummy, or Egyptian-brown, is a 


bituminous substance, combined with 
animal remains brought from the 
catacombs of Egypt, where liquid 
bitumen was employed three thou- 
sand years ago in embalming, in. 
which* office it has been combined, 
by a flow chemical change, during 
so many ages, with substances which 
give it a more solid and lasting 
texture than simple asphaltum. 

Mun (Cornish), any fusible metal. 

Mundic, a ponderous mineral. It 
may be either arsenical mundic , 
arsenical pyrites ; or sulphur mundic , 
a sulphide of iron. 

Mungo, waste wool and fragments 
u-cd for inferior cloth. 

Muniment -house, a strong, pro- 
peilv tiro-proof apartment in public 
or private buildings, for the pre- 
servation of charters, deeds, seals, 
etc. 

Munnions, pieces that part the lights 
in a ship's stein and quarter-gallery. 

In house-build' ng, upright posts 

that di\ide the lights in a window- 
frame. 

Mural, pertaining to a wall ; a monu- 
mental tablet affixed to a wall is a 
mural monument. 

Murometer, an instrument to mea- 
sure *mall space*. 

Murrey, a colour of a dark red tint; 
it is mentioned by old writers. 

Murus, the wall of a Greek city, in 
contradistinction to Paries, the wall 
of a house. 

Museum, literally a place dedicated 
to the Muses, but generally applied 
to edifices devoted to the preserva- 
tion of collections of works of art, or 
objects of natural history. 

Music. This word is derived from 
the Latin musiert , and this again, 
from the Greek adjective moustkos , 
which signifies. of or belonging to 
the Muses. As a substantive, the 
void moustkos , or in Latin musicus , 
a musician, means al-o a poet or an 
orator: and in the feminine gender 
signifies the liberal arts, but espe- 
cially imiric, poetry, and eloquence. 
The ancient'-, tlieiefore, understood 
by music tar more than has been 
attributed to it for some ages past. 
Mu-ie is now considered as the lan- 
guage of agree tble sounds, and is 
both a science and an art. As a 
science, it teaches the theory of 
musical sounds, their production by 
295 
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the vibrations of the air, the ratio 
of these vibrations, and also their 
times ; likewise the various pheno- 
mena connected with musical sounds, 
the causes of discords, beats, etc., as 
well as the lengths of musical strings 
and pipes. The mathematical theory 
of music is part of the science of 
acoustics, or phonics, and is there- 
fore one of the high mechanical 
sciences. As an art, music teaches 
the practical use of the science ; the 
scries or gamuts of sounds in a fixed 
succession, at fixed intervals from 
each other; the permutations of 
their sounds; forming an immense 
variety of melodies. It teaches also 
the combination of the&e sounds ac- 
cording to certain received laws, 
forming thereby the most agreeable 
sensations on the car, by producing 
a great variety of chords, composed | 
of concordant sounds alone, or of a 
judicious admixture of concordant 
and dissonal sounds. Practical mu 
sic teaches also the use and per 
formance of the several insnu 
ments of music, as aln> their peculiar 
functions ; and herein is embraced 
the human voice, the most perfect 
and beautiful of all musical instru- 
ments. Music, therefoie, is diuded 
into two grand parts viz. theo- 
retical or scientific, and practn* 1 ; 
the former treating of the pur» ly 
philosophical mathematically, the 
latter being confined solely to the 
production of musical compositions, 
and their performance. Practical 
music consists of several species, 
the highest of which is the eccle- 
siastical ; then follow the oratorio, 
opera, military, chamber, and ball- 
room species ; and is divided into 
rocal and instrumental music, 
each of these being variously sub- 
divided. 

Musnud, in Persia, a throne or chair 
of state. 

Mustaiba, a wood from the Brazils, 
inferior to rosewood, but harder; 
used at Sheffield for the handles of 
glaziers’ and other knives, etc. 

Mutule, a projecting block worked 
tinder the corona of the Doric cor- 
nice, in the same situation as the 
modillions in the Corinthian and 
Composite orders ; it is often made 
to slope downward towards the most 
pjroininent part, and has usually a 


number of small gut ire or drops, 
worked on the under side. 

Mynchery, the Saxon name for a nun- 
nery: nuns were sometimes called 
My nellies. 

Myoparo, a small piratical craft, em- 
ployed by the Saxon corsairs. 

Myriad, ttie number of 10,000; pro- 
verbially any great number. 

Myriamdtre, a French measure cf 
10,000 metres or about six and a 
quarter English miles of 1,7G0 yards 
each. (See W tights and Measures.) 
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Nacreous Shells. Those shells hav- 
ing an iridescent lustre, such as the 
mother- of-peail, which see. 

Nails, used in building, are small 
metallic spikes solving to bind or 
fa-ten the parts together. There 
are several kinds of nails, called by 
numcious names. In the middle 
ages nails were frequently used 
much ornamented, of which there 
are several very beautiful existing 
specimens, particularly in church 
doors and the gates of large man- 
sions. 

Naked (of a column or pilaster), the 
surface of the shaft where the 
mouldings are supposed to project. 

Of a wall, the remote face 

whence the projectures take their 
rise. It is generally a plain sur- 
face, and when the plan is circular, 
the naked is the surface of a cy- 
linder, with its axis perpendicular 
to the horizon. 

Naked flooring, in carpentry, the 
whole assemblage or contignation 
(i.e. a frame of beams) of timber- 
work for supporting the boarding of 
a floor on which to walk. Naked 
flooring consists of a row of parallel 
joi>ts, called floor-joists. 

Naos, the chamber or enclosed apart- 
ments of a Greek temple. The part 
of the temple which stood before 
the naos, comprehended between 
the wall and the columns of the 
portico, was called the pronaos f 
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while the corresponding part behind 
was called the post i cum. 

Naples yellow is a compound of the 
oxides of lead and antimony, an- 
ciently prepared at Naples under 
the name of Grallolina ; it was sup- 
posed also to have been a native 
production of Vesuvius and other 
volcanoes, and is a pigment of de- 
servedly considerable reputation. 
It is not so vivid a colour as patent 
yellow and turbith mineral, but is 
variously of a pleasing, light, warm 
golden-yellow tint. Like mo^t 
other yellows, it is opaque, and 
in this sense is of good body. It 
is not changed by the light of the 
sun, and may be used safely in oil 
or varnish, under the same man- 
agement as the whites of lead ; 
but like these latter pigments also, 
it is likely to change even to black- 
ness by damp and impure air when 
used as a water-colour, or unpro- 
tected by oil and varnish. 

Naphtha, a species of mineral oil or 
fluid bitumen, now commonly used 
for lamps. 

Narthex, a division in the eailv 
Christian churches in which the 
catechisms were said, and penb 
tents admitted ; it was near the 
entrance, and separated from the 
rest of the church by a railing or 
screen. 

Nasmyth’s patent direct-action 
steam-hammer is employed instead 
of the old helves or lift-hammers, and 
is worked by a connected high-pres- 
sure steam-engine, which laises the 
hammer to any required height 
within its vertical range of motion, 
and in which it is guided by two 
planed guides. On the escape of 
the steam, when the valve of the 
cylinder is opened, the hammer 
falls on the work that lies on the 
anvil with the full force due to 
gravity, without scarcely any loss 
from friction. The instant the 
hammer has given its blow, the 
steam is again let in under the 
piston, and the same action is re- 
peated with case and rapidity. 

Nasmyth’s steam pile-driving 
engine. There are two grand or 
important features of novelty in this 
pile-driving engine, compared with 
all former contrivances for the like 
purpose. In the first place, by the 
O 3 


employment of the steam-hammer 
action, the steam is made to act 
direct in raising up and letting fall 
the hammer, or monkey, without 
the intervention of any rotatory mo- 
tion ; while, in the second place, 
another grand feature consists in 
the employment of the pile about 
to be driven, or raised up and 
planted in its situation by the ma- 
chine, by means of a windlass 
woiked by a small detached steam 
engine. 

►some conception of the rapidity 
with which piles are driven by this 
machine may be formed, when it 
is stated that a pile measuring CO 
feet in length, and II inches 
square, can be driven *15 feet into 
stilf soil, down to the rock below, in 
four minutes ; and such is the good 
ellect re.^ulting from the blows 
being gi\en by a great mass of 
SO cwt. striking quickly but with 
small velocity of actual impact, that 
the head of the pile requires no 
hoop, and presents, after being 
driven, a neater appearance than it 
had when it was first placed under 
the hammer. 

Native, in mining. The term native is 
applied to those metals which are 
found in the metallic state, not a3 
ores. (See Ores.) 

4 The term native is used to express 
their occurrence in the metallic state: 
thus gold and platinum occur native. 
Native metals are not necessarily 
pure. Thus no instance is recorded 
of native gold free from silver.’ — 
P lucy's Metallurgy. 

Native Alloy, another name for 
O'l n i u m- iridium. 

Native Amalgam is a combination 
of mercury and silver ; it sometimes 
occurs in beds containing mercury 
and cinnabar, and is found in some 
parts of Spain, Hungary, and France. 

Natron, native sesquicarbonate of 
soda : it occurs as a deposit on the 
sides of several lakes to the west of 
the Delta of Egypt ; it is also found 
as a thin crust on the surface of the 
earth, at the bottom of a rocky 
mountain in the province of Sukena, 
near Tripoli. 

Natural beds of stone are the sur- 
faces from which the lamince are 
separated. It is all-important for 
the duration of stone walls that the 
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laminse should be placed perpendi- 
cular to the face of the work, and 
parallel to the horizon. 

Naturalisti, a school of artists who 
adhere strictly to nature. 

Nature-printing, a process by which 
natural objects are copied with great 
exactness. The tiower, fern, or v\ hat- 
ever the object may be, is placed on 
a soft metal plate, and over it is placed 
a very hard >teel plate ; the whole is 
then subjected to the pressure of the 
engraver’s roller; this great pre-suie 
foices the ol jeet into the sott metal, 
and on the object being removed, 
there is a mo*t beautitul and wdl- 
dc lined impression of every vtin and 
rib of the most delicate leaf. An 
electrotv pe copy is taken of the im- 
pression, and horn the electrotype is 
printed a faithful and minute repre- 
sentation of the peculiarities by which 
natural objects are often best dis- 
tinguished. 

Natural Philosophy takes an exten- 
sive range, embi aeing the study of 
the collection of rnated beings 
and objects, and of tho«e law** bv 
which they are governed, all of 
them expressed in the term Nature. 
Natural objects are sepaiated into 
two grand classes, the organic and 
inorganic ; the former being dis- 
tinguished by vital pou cr or life, 
and the latter by its ab>< nee. 
Organic bodies admit of a marked 
distinction into animals and plants ; 
the science of Zoology describing 
and classifying the one, and that of 
Botany the other. These sciences 
admit of many subdivisions, 

1. Geology, the science which has 
for its object the obseivation and 
description of the structure of the 
external crust of the globe. 2. Mine- 
ralogy, taking account only of the 
separate items of v\ hicli the e.utli*r> 
crust is composed. 3. CheinMrv, 
which may be regarded as atomic 
anatomy, its object being to de- 
compose bodies, to study the pro- 
perties of their elements, and the 
laws of combination. 4. Phy-ics, 
which considers the general pro- 
perties of all bodies. It is 
again subdivided into many dis- 
tinct sciences. The mutual action 
of forces and masses of matter 
produces in the latter either equi- 
librium or motion, and hence arise 
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those two divisions of sciences, 
called Statics and Dynamics, which 
are again divided into Stereo-statics 
and Stereo-dynamics, as applied to 
solids ; Hydrostatics and Hydro- 
dynamics, as applied to liquids ; 
Electro-statics and Electro-dyna- 
mics, as applied to Electricity. 
The application of statics and dy- 
namics to air and other gaseous 
fluids is called Pneumatics. The 
application of dyi a nics to the arts 
of life has led to the composition 
and arrangement of the various 
machines for assisting the labour 
of man : this branch is called Me- 
chanics. The construction and per- 
foimance of the various machines 
to raise water, or which are dri- 
ven by the motion of that fluid, 
belong to hydrodynamics, while 
the construction of works depend- 
ing on the equilibrium of liquids 
belongs to hydrostatics. Those 
machines which are driven by the 
wind depend on the application of 
pneumatics ; and all the varied 
phenomena of the atmosphere 
arising from the action of heat, 
light, electricity, and moisture, 
form the science of Meteorology. 
'1 he phenomena of heat and elec- 
tricity also form separate sciences; 
the latter admitting of five divi- 
sions, viz. electricity, magnetism, 
galvanism or voltaic electricity, 
thermo-electricity, and animal 
electricity. The phenomena of 
light, although included in the 
term Optics, are varied; namely, 
perspective, catoptrics, dioptrics, 
chromatics, physical optics, and 
polarisation ; to which may be 
added acti no-chemistry. 

Naumachia, among the Greeks, a 
sea-figlit ; a spectacle. The term 
was also applied to a circus encom- 
passed with scats and porticoes, 
the pit of which, serving as an 
arena, was filled with water by 
means of pipes, for the exhibition 
of sea-fights. 

Naupegus, a shipwright. 

Nautical, pertaining to ships or sail- 
ors. 

Naval Architecture, the art of de- 
signing and constructing ships and 
vessels for the purpose of navigation. 

Navale, a sh'p-dock or dockyard. 

Navalia, ship-building docksatRome* 
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where also ships were laid up and 
refitted. 

Navarchus, among the ancient*, the 
nanie of a commander or admiral of 
a fleet. 

Nave, the body of a cliuicli west of 
the choir, in which the general 
congregation assemble. In large 
buildings it cond-ts of a central 
division, with two or more aides ; 
and there are frequently, in foreign 
structures, several small chapels on 

the sides beyond the aide*.' In 

mechanics , the ccntial part of a 
wheel. 

Navel-hoods, in ship-building , pieces 
of plank, or thick stuff, wi ought 
above and below the hawse-holes. 

Navis, in chuich furniture , a metal 
dish or vessel to contain frankin- 
cense. 

Neap, low, decrescent ; a term applied 
to the tides which happen an lien 
the moon is in the middle of her ! 
second and fourth quarters. The 
highest spiing-tide is three day- 
after the full or change ; the lowest 
neap-tide is four days before the full 
or change. 

Neapolitan School of Painting, 

which possesses indisputable proofs 
of having in ancient times ranked 
among the first in Italy ; as in no 
part of that country do the re- 
mains of antiquity evince a more 
relined taste, nowhere do we find 
mosaics executed with inoic ele- 
gance, nor anything mme beautiful 
than the subtoirancan chambers 
which are ornamented with histoiical 
designs and grotesques. 

At the restoration of art, it had 
made little progicss in Naples and 
her territories before Zinyaro's time. 
His name was Antonio Solar in, 
originally a smith, and commonly 
called lo Zingaro. Ills history has 
something romantic in it, like" that 
of Quintin Matsy>. 

The most celebrated work of 
Zingaro's was in the choir of S. 
Sevcrino, in fresco, representing in 
several compartments the Life of St. 
Benedict. He left numerous pic- 
tures, and Madonnas of a beautiful 
form, in various churches of Naph s, 
— in that of S. Domenico Maggiorc, 
where he painted a Dead ChrLt, and 
in that of S. Pier Marine, where he 
represented a S. Vincenzio. 


Two eminent artists of the Nea- 
politan School were Mattco da Siena 
and Antonella da Messina. The 
'atter is a name so illustrious in the 
history of art, that he claims notice 
in the Sienese, Neapolitan, and 
Venetian Schools. 

It has already been observed that 
at the commencement of the six- 
teenth century, the art of painting 
seemed in every country to have at- 
tained to maturity, and that every 
school assumed its own peculiar 
character. Naples, however, did not 
possess a manner so decided as that 
of other schools in Italy. 

A writer has observed that no part 
of Italy could boast of so many 
native nrti-ts. 

Their rapidity of execution was 
another effect of their genius, a 
quality which has been alike praised 
by the ancients and the moderns, 
when combined with other more 
lOquisite gifts of genius. But this 
de-patch in general excludes correct 
design, which from that cause is 
seldom found in that school. Nor 
do wo lind that it paid much atten- 
tion to ideal perfection, as most of its 
profcb-ois following the practice of 
the naturalist*, selected the cha- 
racter of their heads and the at- 
tribute? of tin ir figures from common 
life; some A\ith more, and others 
with le-s discrimination. With 
lOgard to colour this school changed 
it-% principles in conformity to the 
ta-de of the times. 

The modem Neapolitan School is 
founded on the schools of Eaffaell 
and Michel Angelo. 

The chief names are Andrea Sab- 
bat ini, Polidoro Caravaggio, Marco 
da Sicnn, Corcnzio, Ribera Carrac- 
ciolo, Luca Giordano, and Solimene, 

Nebulo moulding, an heraldic term. 
In architecture, an ornament of the 
zigzag form, but without angles : it 
is chiefly found in the remains of 
Saxon architecture, in the archivolts 
of doors and windows. 

Neck of a capital, the space between 
the astragal on the shaft and the 
annulet of the capital in the Grecian- 
I)oric order. 

Neck-mould, in architecture , a 

small convex moulding surrounding 
a column at the junction of the fcbafb 
and capital. 
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Necrology, an obituary formerly kept 
in churches anti monasteries. 

Needle, or Nail, in mining , a long 
taper piece of copper or iron, with a 
copper point ; used when stamping 
the hole for blasting, to make by its 
insertion an aperture for a fusee or 
train. 

Needle ore, a native sulphide of 
bismuth, copper and lead, with aei- 
tular crystals. 

Needlework, a term anciently used 
for the framework of timber and 
plaster in old houses. 

Neo, a Greek term, to spin or twist a 
number of separate fibres of wool or 
flax into a single thread. 

Nephrite. (See Jade.) 

Ne plus ultra ( Latin ), the extreme 
of anything. 

Nervures, nerves or branches, a 
term applied by Prof. Willi*, of Cam- 
bridge, to the ribs of a vaultcr roof , 
which bound the sides of any groined 
compartment. 

Net or Neat, in commerce , that which j 
is pure and unadulterated ; the 
weight of any package after the tare 
has been deducted: sometimes, but ! 
improperly, written nett. 

Nettle tree. Called by the French 
Jlicocoulier : it is a very compact 
wood and takes a high polish ; it is 
very heavy and dai k, and is used in 
carving and for making flutes. 

Neutral tint, a gray pigment used 
in water colours ; it consists of blue, 
red, and yellow mixed together in 
various proportions. 

Newel, the central column round 
which the steps of a circular stair- 
case wind ; the principal post at the 
angles and foot of a staircase. In 
the Tudor and Elizabethan residences 
very beautiful examples exist, adding 
much to the beauty of the staircase. 

Nicaragua wood, a native of South 
America ; it is used in dyeing and is 
called Peach wood : it is not sound 
enough for turning. The trees yield- 
ing this wood have not been ascer- 
tained with any certainty. 

Niche, in architecture, a cavity or 
hollow place in the thickness of a 
wall, in which to place a figure, a 
statue, va*e, or ornament. Niches 
are made to partake of all the seg- 
ments under a semicircle : they are 
sometimes at an equal distance from 
the front, and parallel or square on 


the back with the front line, in 
which case they are called square 
rcees>es, or square niches. Occa- 
sionally small pediments were 
formed over them, supported on con- 
sole*. or small columns or pilasters 
placed at the sides of the niches. An- 
ciently they were used in ecclesi- 
astical buildings for statues and 
shallow square recesses. The ruins 
of Palmyra exhibit niches of va- 
rious kinds. Within the portico 
of the temple of the Sun there are 
two niches, etc. 

Niche, angular, one formed in the 
comer of a building. In car- 

pentry, the wood-work to be lathed 
over for plastering. The usual con- 
structions of niches in carpentry are 
those with cylindrical backs and 
spherical heads, called cylindro- 
spheric niches, the execution of 
which depends upon the principles 
of spheric sections. 

Niche, ground, that which, instead 
of bearing on a massive base or dado, 
ha* its rise from the ground, — as the 
niches of the portico of the Pantheon 
at Rome : their ordinary proportion 
i*, two diameters in height, and one 
in width. Round or square niches 
are also formed. 

Nickel, a brilliant white metal found 
priii'. i pally in a copper-coloured 
minei.d, called in Westphalia Kvp- 
fu an hi. It is also found in meteoric 
iron. German silver is an alloy of 
copper, zinc and nickel ; nickel is 
slightly magnetic. (See 3/etah.) 

Niello Nigellum, an art much prac- 
ticed in the Middle Ages, to which 
may be traced the origin of engrav- 
ing. The lin^s of a design are cut 
in a piece of gold or silver ; it is then 
covere l with a black composition 
consisting of copper, silver, lead, and 
sulphur, and a little borax is 
sprinkled over it ; by subjecting it to 
lieat over a fire, the composition be- 
comes liquid and runs into the lines 
of the design ; the whole is then 
allowed to cool, when the surface of 
the metal is scraped and burnished, 
leaving the drawing in black upon 
the metal. 

Nigged ashlar, stone hewn with a 
pick or pointed hammer, instead of 
a chisel ; used principally at Aber- 
deen for the hewing of the hard 
granite. 
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Niobium, a metal discovered in 1801 
by Hatchett, in a mineral called 
columbite, and hence it was named 
columbium. Rose re- discovered this 
metal in 18JG, and gave it the name 
it now bears. Niobium is a black 
powder, specific gravity 6*27. (See 
Metals.') 

Nitrate of lime, nitric acid in com- 
bination with lime for a base : 
abounding in the mortar of old 
buildings. 

Nitrates, compounds, or salts, formed 
by the combination of nitric acid 
with alkalies, earths, and metallic 
oxides. 

Nitre, common saltpetre; in chemis- 
ts y , nitrate of potash. 

Nitric Acid, or Aqua-fortis, a 
powerful acid, used by engravers to 
corrode those parts of the plate from 
which the ground has been removed 
by the etching-needle. 

Nitrogen, one of the constituents of ' 
atmospheric air. It forms ammonia 
with hydrogen, and with caibon 
many explosive compounds. 

Nitron-glycerine, glycerine combined ; 
with nitric acid; one of the most 
violent of all our explosive com- 1 
pounds. (Sec Dynamite ) 

Noble Metals. This was a division I 
foimeily adopted. Noble metals are 
those which are not readily attacked 
by oxygen; they are goldj platinum, 
palladium, rhodium, iridium, osmium, 
silver, and mercury. 

Nodus, anciently, in our cathedrals, 
a knot, key-stone, or bos*. 

Nog, in bhip-building, a treenail driven 
through the heel ot the shores v hich 
suppoit a ship on the slip. 

Noger, in mining, an iron instrument 
used tor boring holes in the ro«*k. 

Nog-bole, in mining , the hole in 
which the noger is put. 

Nogs, blocks of wood cut to the form 
and size of brick**, and inserted in 
the inteiior walls of apartments as 
holds for the joinery. 

Nogs or Nays, in mining, square 
pieces of w'ood piled on each other to 
support the roof of a mine. 

Nogging, a kind of brickwork carried 
up in panels between quarters. 

Nogging-pieees are horizontal 
boards placed in brick-nogging, 
nailed to the quarters in order to 
strengthen the brickwork. 

Noils, a term used in the worsted i 


trade for the short wool taken from 
the long staple by the process of 
combing, and is used to give ap- 
parent solidity or thickness in tho 
handling of cloth. 

Nomades, in antiquity, ■wandering, 
rude, or savage tribes. 

Nomenclature, the art of naming; 
a vocabulary or dictionary of techni- 
cal language peculiar to any art oi 
science. 

Nonagon, a figure of nine sides and 
of as many angles. 

Non-condensing Engines are those 
made without that part of the ma- 
chine called a condenser, and with- 
out those contrivances essential to 
the ordinary construction of engines 
that condense the vapour into liuid. 

Non-conductors, substances through 
which the electric fluid passes with 
considerable difficulty or not at all ; 
such as glass, resin, sulphur, silk, 
hair, wool, the 'air. etc. ; but these 
become electric by friction. 

Nones, in the Homan calendar, the 
iiithday of January, February, Apiil, 
June, August, September, November, 
December; and the seventh of March, 
May, July, and October. 

Noria, an hydraulic machine, common 
in 15 pa in for raising water. The en- 
gine consists of a vertical wheel of 
20 feet diameter, on the circumfer- 
ence of which arc fixed buckets, for 
the puipose of raising water out of 
wells, etc., communicating with a 
canal below, and emptying it into a 
reseivoir above, placed by the side 
of the wheel. The buckets have a 
lateral orifice, to receive and discharge 
the water. The axis of the wheel is 
embraced by four small beams, cross- 
ing each other at right angles, taper- 
ing at the extremities, and forming 
eight little arms. This wheel is near 
the centre of the horse-walk, con- 
tiguous to the vertical axis, into th( 
top of which the top beam is fixed; 
but near the bottom it is embraced 
by four little beams, forming eight 
arms similar to those above described, 
on the axis of the water-wheel. In 
the movement of the horse or mule, 
the>e horizontal arms, acting on cogs, 
rake hold, each in succession, of those 
arms which are fixed on the axis 
of the water-wheel, and keep it in ro- 
tation. 

Norma, a square for measuring right 
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angles, used by carpenters, masons, 
and other artificers, to make their 
work rectangular. 

Normal line, in geometry , a phrase 
used for a perpendicular line. 

Norman Architecture. In Nor- 
mandy, in the tenth century, when 
the Normans occupied Neustiia, the 
churches in other parts, of Trance 
were in imitation of the Roman 
style. The plan of the building 1 * 
came from Rome, and the round 
arches, the pillars, and the mouldings 
which were employed in their con- 
struction, had the same origin. Hut 
the corrupt taste of a less cirilis-ed 
people covered the capitals and the 
portals with a crowd ol such appal- 
ling images as a wild fancy was 
likely to suggest, and a rude hand to 
portray. 

The Normans, adopting the ha- 
bitual plan and the established style, 
rejected the meretricious accessories, 
and resolved to trust for success to 
the two great pi inciples of size and 
elevation. The olde-t of the Norman 
churches are the plainest, but even 
these aspire to dimensions which 
could not fail to command admira- 
tion. Their character is severe but 
sublime. At the same time, the 
Normans hod the boldness to insist 
upon an addition to their chinches 
which is admitted to be the grandest 
feature and the chief ornament of 
ecclesiastical buildings — the central 
tower. Towers had, fortunately, 
become an integral part of chinches 
before the Normans began to build 
in Neu'tria, but the few towers 
which at that time existed ill other 
parts of France only adonicd the 
western end. Size, elevation, sim- 
plicity, and strength, together with 
the tential tower, are the architectu- 
ral peculiarities to which the Nor- 
mans, as contradistinguished from 
the Franks, possess undeniable 
claims. 

Norman workmanship was at 
fir-d, remarkable only for its solidity. 
The walls wore often Iniilt ot rubble, 
faced with "•mall squared stone-?, — a 
manner of building which had been 
copied from the works which the 
Romans had left behind them in 
France. The pillars were, of course, 
composed of larger blocks. By de- 
grees, and in buildings of importance, | 


larger blocks were employed in the 
walls ; but the joints were wide, and 
the mortar was coarse. In the time 
of William the Conqueror, greater 
neatness was accomplished ; the 
stones were squared, and the courses 
regular ; but the joints were still 
rather wide, and the mortar un- 
siited. 

Another mode of construction was 
with hum, nariow stones, which were 
plac. d, not in hoiizontal course?, but 
altern itriy inclined to the right and 
left. This, from the appearance it 
presented, was called the herring- 
bone fashion. It did not remain in 
use much after the eleventh century. 

The Noiman walls were of great 
thickness, and were filled up with 
small stone?, amongst which mortar 
was poured in hot. This w r as called 
grouting ; and in time the whole 
mass so hardened together as to ac- 
quire the consistence and strength 
of a solid rock. Such walla stood in 
no need of buttiesse-, through the 
means of which more advanced 
science afterward', obtained an equal 
amount of power at less labour and 
le^s expen Buttresses, however, 
appear on the exterior of early Nor- 
man buildings, but seem to have 
been introduced only to relieve the 
baldness of the surface They project 
so slightly that they can add but little 
support. In early Norman buildings 
the buttresses never rise above the 
cornice. 

The plan of the early Norman 
churches is always that of the 
basilica, with a semicircular recess 
at the end, winch recess formed the 
choir. The larger churches have 
transepts and side aisles which are 
dirided from the naves by arcades. 
The "mall churches have often neither 
side aide" nor transepts. The arches 
of the nave either rest on pi rs, to 
which half-pillars are attached, or on 
.'ingle pillai.", but hardly ever on 
those huge cylindric.il piers which 
are commonlv seen in the Norman 
churches of England. Indeed, the 
thick cylindrical piers of England 
are scarcely to be met with in all 
France, except in one or two crypts, 
where the known superincumbent 
weight justifies the preference of 
fetiengtli to beauty. 

In the churches of France, single 
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pillars preceded piers ; the exact re- 
verse of what might have been ex- 
pected, were it not recollected to what 
an extent and degree France had be- 
come Roman, previous to the inroad 
of Northern conquerors. The pillars 
have always capitals, which, at first, 
were perfectly plain ; but, from the 
beginning of the eleventh century, 
were enriched with different kinds of 
foliage, to a certain degree departing 
from, but still seeking to imitate, the 
Roman models. The half-pillars, 
which are attached to the ends of the 
pier*, are always set back in re- 
cesses, or sink s ; the same is the case 
with the small pillais on the outside 
of the windows, as also with those of 
the portals. This is a charactenstie 
difference between the Norman style 
and the Roman, — the Norman pillais 
are recessed, the Roman project. 

The windows are always round- 
headed and undivided, and, exter- 
nal ly, have on each side a small 
recessed pillar, which supports an 
impost and moulding. 

In the gable, over the entrance door 
of churches, a small circular window 
is sometimes introduced. 

The windows of castles and of do- 
mestic buildings are usually divided 
by a single shaft. 

The portals are round-headed, and 
were gradually enriched by an in- 
creasing number of semicircular 
mouldings. The most common 
mouldings are the billet, the nail- 
head, the chevron, the zigzag or em- 
battled frette, hatchet, nebule, star, 
rope, beak-head, dog-tooth, and, oc- 
casionally, different .soits of foliage, 
as the vine, the bay, the ivy, etc. 
(See Frontispiece.') 

The external cornice, under the 
caves of churches, was sometimes a 
moulding describing a series of 
semicircles, under a projecting course, 
and sometimes a scries of block*. 
The ornamented corbel*, on the ex- 
terior of churches, were adopted by ! 
the Normans before imagery was 
admitted into the interior of the 
edifice. 

The roofs of the early Norman 
churches were of wood, except the 
part over the semicircular chancel, 
which from the first was vaulted 
with stone. The side aisles were 
also vaulted with stone ; as were, 


sometimes, the comparatively small 
naves of village churches. The 
vaulting was composed either of 
small stones let into a bed of mortar 
or of tufa, or of a light calcareous 
stone which is found in many parts 
of Normandy. The most ancient 
vaulting is without ribs, and the 
most ancient ribs are without mould- 
ings. 

The dome vaulting over the side 
aisles of the abbey church at Beraay 
is the only kind of specimen in 
Normandy. 

The first and purest Norman style 
prevailed till the latter part of the 
reign of William the Conqueror, 
from the early part of the tenth till 
nearly the end of the eleventh cen- 
tury. 

The abbey church of Bornay, begun 
in the lii^t half of the eleventh cen- 
tury, is the oldest Norman building 
of any consequence which remains in 
its primitive form. The architecture 
of the interior is plain to baldness, 
but the dimensions are imposing. 

The abbey churches of Jumieges 
and Ccrisy were begun in the first 
half of the eleventh century. The 
Norman portions of the cathedral, 
and of the church of St. Taurin, at 
Evretix, as al*o of the church of 
Mont St. Michel, belong to the same 
period. 

St. Georges de Boseherville, and 
the two great churches at Caen, are 
splendid examples of the architecture 
of the time of William the Conqueror. 

In all the*e buildings the cha- 
racter of simplicity is preserved, but 
some ornament in the ('etuis begins 
to make its appearance before the 
clos-e of the Conqueror’s reign, as, for 
instance, in the embattled frette 
moulding round the arches of the 
nave of Matilda’s church at Caen, in 
some part of St. Georges de Boscker- 
ville, and other places. 

The tlorid Norman was already 
devt loped in the early part of the 
twelfth century. Of this style a rich 
specimen is affoidcd in the arcade of 
the nave at Bayeux. The arches are 
ornamented with a multiplicity and 
variety of mouldings of intricate 
design and elaborate execution. 

Another specimen of the florid 
Norman exists in the neighbourhood 
of Bayeux, in the church of St. 
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Gabi iel, built by Robert of Olouees- | 
ter (1128). 

The abbey church of Montivilliers 
(1117), anti the church at Graville, ! 
are instances of the llorid style in all 
its exuberance. 

Norman Architecture in Eng- 
land. Of the architecture which 
existed in this country pievious to 
the introduction of the Norm m there 
are no ceitain vestiges. The moj.t 
competent authoiities have deckled 
that hardly anything ■which can be 
proved to be Saxon lemains in evid- 
ence. Parts of a few churches, which 
have all the marks of a vciy remote 
antiquity, and of which the st\lc 
differs materially from the Norman, 
may be suspected to be Saxon. 
Their distinguishing features are a ! 
ruder imitation of the Ih»man. pro- 
jecting instead of receded pillars, and 
the combination of diagonal ■with 
perpendicular forms in the ext* rnal 
ornaments of towers. Such is the 
ease at the old church of Barton, in 
Lincolnshire, and at Earl’s Barton m 
Northamptonshire. 

Some persons have imagined that 
the generality of the Saxon chinches 
were merely timber buildings, but 
this appears to be a mi-take ; for in 
Domesday Book, which takes note of 
1,700 churches one, and only one, is 
specified as being built of wood ; and 
Henry of Huntingdon, speaking of a 
particular church, says, * It was not 
built of stone, but of -wood, and 
covered withh reeds, as is the cu-tom 
in Scotland ; ’ demonstrating that it 
was not the custom in England. 

Not only were the Saxon churches 
not merely timber buildinu-, but 
some of them were constructed at a 
considerable expense, and with much 
architectural ot nanunt. 

In the seventh century a church 
was built at Lincoln, which Bede 
says was of stone, and of good work- 
manship. The chuieh of the monas- 
tery of Wearmouth was erected in 
G75, by Abbot Benedict Bi-copius, a 
noble Northumbrian, who, at twenty- 
five years of age, detached himself 
from the service of King O.vwy, and 
embraced a religious lite. He brought 
oyer masons from France to build 
his church in the Roman manner, 
and, w'hen the building was nearly 
finished, he procured artificers from 


the same country, skilled in the 
mystery of making glass, to glaze 
the windows. 

The conventual church of Ripon, 
and the cathedral church of Hex- 
ham, were both built by Wilfrid, 
Bishop of York, in the second half of 
the seventh century : and were both 
constructed of stone, and supported 
by pillars and arches. Wilfrid also 
imported builders and artists from 
abroad — from Rome, Italy, France, 
and other countries. 

In the eighth century, the monas- 
tery of Crovland was built by Ethel- 
bald, King of Mercia ; and the church 
of St. Eetcr at York w’as rebuilt by 
Archbishop Albert, and consecrated 
just before liis death, which took 
place in 780. Alcuin describes this 
church as having pillars, arches, and 
porticoes. 

In the ninth century, the progress 
of the arts was interrupted by the 
constant incursions of the Danes. 
All that had been done was destroyed; 
and little more than repairs, and 
military work*, could be undertaken 
till the* peaceable reign of Edgar, in 
whose time the abbey of Ramsey 
was founded, and the church built 
by Ailwin, then alderman of all 
England. This church was built in 
six year.-, and finished in 974. It 
was in the foim of a cross, and had 
pillais, arches, and two towers, one 
of which was supported by four pil- 
lar 5 . or pier 5 , in the middle of the 
building. This appears to have been 
the lir.-t English chuieh that had a 
tower >o •-ituated, or that was built 
in the form of the cro- 5 . 

From these descriptions of the 
Saxon churches, preserved in the 
eailv chronicle-, it appears that the 
Saxon sti le was, like that of every 
other country, in imitation of the 
Roman. The abbey church of Ram- 
sey, which was one of the latest, and 
one of the mo-t celebrated of the 
works of the Saxons, was completed 
in -ix years. The last Saxon work 
of importance wa- the abbey church 
of Wotminster, built by* Edward 
the Confessor, and finished and con- 
secrated in 1005, one year before the 
Conquest. This church is represented 
to have been of a different character 
from that of any preceding structure 
in England, and this difference ua- 
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doubtedly consisted in an approxi- 
mation to the Norman method of 
building. Edward the Confessor had 
been brought up in Normandy, and 
was almost reproached for his inces- 
sant endeavours to introduce Norman 
customs and manners. 

The churches and monasteries 
which arose after the Conquest were 
constructed after a new manner of 
building. From all this it appeals 
that there must have been a marked 
difference between the Saxon and 
the Norman fabrics. But, as both 
were an imitation of the Roman, the 
difference must have consisted in the 
dimensions and the superior work- 
manship and magnificence of the 
new structures. It must have been 
the same style on a grander scale, 
and executed in a more scientific 
manner. 

At the time of the Conquest the 
Anglo-Saxons were in every respect 
a ruder and less civilised race than 
the Normans had by that time be- 
come. 

The earliest work of the Normans 
which exists in this country was 
conducted by Gundulph, who, after 
rebuilding his cathedral at Rochester, 
was employed by William to super- 
intend the 'construction of the White 
Tower, in the Tower of London, 
which contains within its walls per- 
haps the only ecclesiastical remnant 
of the Conqueror’s time at present in 
existence. 

In the course of the Conqueror’s 
reign, several cathedrals, abbeys, and 
castles were built, none of which re- 
main in their original state. A rem- 
nant of the Conqueror's time existed 
at Canterbury till within these few 
years, — the northern tower, at the 
west end of the cathedral. This was 
a part of the work of Lanfranc. The 
stones of which it was built were 
irregular, and the joints between the 
courses were wide. 

Several castles have the reputation 
of being of the Conqueror’s time, but, 
on a close investigation, will be found 
to have been rebuilt in after-years. 
Such is the case with the castle* of 
Norwich, Rochester, the keep at 
Coni*borough, and many others. 

Within less than a century after 
the Conquest almost all the ca- 
thedrals and abbey churches of Eng- 


land, besides innumerable parish 
churches, were either wholly rebuilt 
or greatly improved by the Normans, 
on whom William and bis successors 
confined all the best ecclesiastical 
preferments. By the introduction of 
these Norman prelates, the Norman 
style was rapidly diffused ; at 
however, so much affected by the 
state of art in this country, as to give 
to the EnglLh building tiie character 
of a Norman building of much greater 
antiquity. 

Rufus was a great builder; his 
principal work was the great hall of 
his palace at Westminster. This 
hall, as it now exists, was altered by 
Richard II., but much of the original 
work was left, and during the repairs, 
portions of this were visible. The 
lower part of the walls was faced 
with rubble ; the courses were ir- 
regular; the joints wide. Remains 
of a triforium or gallery were dis- 
covered, u hich had been carried along 
the sides of the hall, halfway up. 
The capitals of the pillars on which 
the round arches of this gallery rested 
were plain cubes. The whole of the 
work man "hip wa* coarse. 

The plan of the churches erected 
about this time was the same as in 
Normandy. All were built with the 
semicircular chancel, which in Eng- 
land afterwards fell into such general 
disuse that few traces of its existence 
are to bo found in this county. It 
i*, however, to be traced in that 
of St. Bartholomew-le-Grand, in 
London (begun in 1123), in the 
minster at York, at East Ham, 
Essex, and in other places. 

The arches of the nave usually 
vested on those heavy cylindrical 
pier* which in French churches are 
hardly ever to be found, except in 
crypts. Their prevalence in England 
must be ascribed to the inexpertness 
of the native workmen, and the prob- 
ability i*, that they had previously 
been adopted by the Saxons from 
their inability to imitate the Roman 
style in a more satisfactory manner. 
Sometimes, to adorn the cylindrical 
piers, the Anglo-Normans introduced 
the spiral groove winding round 
them, with the net or lozenge-work 
spreading over them. 

The windows and the doors were 
the same as in Normandy, and the 
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Norman mouldings were gradually 
introduced with little alteration. 

The walls are remarkably thick, 
and without prominent buttresses. 

Specimens of the time of Rufus 
are to be seen in the choir, side 
aisles, and middle transept at Dur- 
ham ; in the walls of the lower part 
of the western facade of Lincoln ; the 
towers and transept of St, Alban's ; 
the oldest remaining paits of Win- 
chester : and the cast end and cro*s 
aisle of Worcester. 

The walls in this reign were ir- j 
regularly built, and the joints con- 
tinued to be wide, a-% may be >een at 
Duiham. Lincoln, Winchester, and 
other places. 

The style prevailed in the early 
part of the reign of Henry I., as mav 
be seen by the ruins of St. Botolph’s 
priory, Colchester, which was built 
bv Ernulpb, a Norman monk, in the 
first ycais ot that punce. line arc 
the same heavy cylindiical pin-, the 
same stumpy proportions the same 
poverty of moulding*. But in the 
course of this ieign an impulse was ! 
given to architcetiue by one of tlio-c 
men of genius v ho afle< t the cha- 
racter of the age in which they live. 
Roger Peer, Bishop of Salisbury, a 
Norman by birth, and combining in 
himself the offices and the qualities 
which, in those times of constant 
commotion, were often united, was 
much distinguished as a prelate, a 
warrior, a statesman, and an archi- 
tect. William of Malmesbury relate*, 
that the walls which were built under 
the superintendence of Roger of 
Salisbury were so smooth, that they 
seemed to be made of a single stone. 
Had fine joints been in u-e before, 
their appearance in the work* of this 
prelate would not have hem w> much 
extolled. The admiration w ith w Inch 
they are mentioned gives us the 
elate, of the fir»t introduction of fine 
joints in the walls of English build- 
ings. From this time progressive 
lmpiovement took place in other parts 
of the fabric. Something like deco- 
ration w;h added. The portals began 
to lie < nriched. The architecture of 
England ascended to the le\el of 
the architecture of Normandy in the 
time of William the Conqueror. 

Examples of the style of this reign 
mav be seen in the naves at Glouces- 
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ter, Norwich, Ely, Durham, and 
Southwell ; also in the lateral towers 
of Exeter Cathedral, built by Bishop 
Warlewast ; in St. James tower, 
Bury St. Edmund’s ; in the rums of 
the chapter-house at Rochester, built 
between 1114 and 1125, by the same 
Ernulpli who built St. Botolph's at 
Colchester, and who, on the death 
of Gundulph, was promoted to the 
see of Rochester ; in the portal of 
the round cliurch at Cambridge; 
in the nave of the church at Dun- 
stable ; in St. Bartholomew-le- Grand, 
London, which was begun in 1123; 
in Sr. Sepulchre’s, Northampton, 
built hv Simon de Liz, second earl of 
Northampton, on his return fromt^e 
Holy Land, and who died in 1127; 
and in the abbey church of Tewkes- 
bury, begun by Robert Fitz-Hamon 
(who died in ilU7), and consecrated 
in 1123. 

Example.— P oital of the chap- 
trr-hou-e at Durham, built by Bishop 
Galfrid Rufus, between 1133 and 
1143: clmrch of Cattle Acre priory, 
Norfolk, consecrated in 1148; church 
of St. Cro*s, Hampshire ; Ripen 
min-tcr; St. Fiideswide (now 
Clui-tchuivh), Oxford, begun not 
later than 1150, and finished in 
1180. 

About this time, or a little later, 
Domestic architecture began to make 
its appearance in England, though 
from the dimensions and arrange- 
ment of some of those buildings 
w hich have come down to our time, 
it L difficult to deteimine whether all 
of them were destined for dwelling- 
houses or were only hulls fur public 
occasions, or for the courts of feudal 
lords. 

Of these buildings the invariable 
plan i- a parallelug i am of two stories ; 
sometimes a double parallelogram. 
The Lover story was vaulted, as we 
have -cen to have been the custom 
in Nonnandy, audit had no internal 
communication with the upper story. 
The upper story was approached by 
an external staircase, ■which probably 
was movable. The only fixed Nor- 
man staircase now extant is the one 
at Canterbury. 

The probability is that the lower 
slorv was occupied by the servants, 
and the upper story by the masters ; 
but in none of the buildings of this 
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time now extant do there exist any 
traces of subdivisions. 

An example of Norman Domestic 
Architecture existed in Southwark 
till within these few years. It was 
the hostelry or town residence of 
the priors of Lewes. The church of 
St. Clave, Southwark, was confirmed 
to the prior and convent of Lewes by 
William, second Earl Warren and 
Surrey, the son of the founder. Eail 
William died in 11S8. It appeal*, 
however, that the priors of Lewes 
rented a building in 1170 and 1180, 
for their occupation in London ; 
from whence it may be concluded, 
that the hostelry in question was 
not built till after that period. The 
general features of the portion of the 
hostelry which remained till lately 
nearly resembled those of the manor- 
house of Boothbv Pagnel, Moyle's 
Hall at Bury St. Edmund's, and the 
building which is called the Pytha- 
goras School at Cambridge. 

In 18*20 was still existing at Bar- 
neck, in Northamptonshire, a Norman 
manor-house, which was not built 
for defence. In this instance the lull, 
which was the principal ft ature, was 
on the ground floor, and had no 
vaults underneath. The ball con- 
sisted of a centre and two side aisles. 
The line joints of the walls of this 
building denoted that it could not 
have been built much before the 
middle of the twelfth century. 

At Bury St. Edmund's is a Nor- 
man domestic building, which goes 
by the name of Moyse's Hall. 

At Boothbv Pagnel, in Lincoln- 
shire, is a Norman manor-house on 
nearly the same plan. In this are 
a fire-place and a chimney, which 
indicates that the building of which 
it forms a part cannot be older than 
the second half of the twelfth cen- 
tury. This edifice has windows in 
the ends as well as the sides, — a cir- 
cumstance which makes it evident 
that to this building no others could 
have been attached. It is surrounded 
by a moat. 

At Christchurch, Hants, is a Nor- 
man remnant which has also a chim- 
ney. 

At Lincoln is a Norman domestic 
building which goes by the name of 
‘John of Gaunt’s Stables,’ but which, 
in fact, was the public mceting-liouse 


of a guild. It is so much enriched 
that it must be placed late in the 
reign of Henry II. 

The*e examples prove that about 
the middle of the twdlth century, 
mansions, distinct from castles for 
defence, began to be erected in 
England ; and that, independent of 
colleges, abbots lodgings, and the 
habitable parts of convents, instances 
existed of Domestic architecture, 
But it was long before dwelling- 
houses acquired a character bearing 
any 1 elation to the quality of the 
proprietor, or were constructed with 
much icgard to convenience. 

Examples of the Norman style of 
the time of Henry II. are to be seen 
in the abbey gateway, Bristol ; in 
the Galilee, or cliapel, at the west 
end of Durham, built by Bishop 
PiuLey (llo4 to 1197), together with 
the lateral portals of the nave ; in 
the neiv nine and great west portal 
of Rochester, etc. 

It was in the latter years of the 
reign of Henry II. that the struggle 
between the Round and the Pointed 
styles, which is called the Transition, 
began to take place in this country. 

Kukstal abbey, in Yorkshire, was 
built in the thirty years preceding 
1183. The nave arches are pointed, 
but the pillars are massive, and the 
windows and portals are round. The 
church at Roche abbey, though 
equally in the Transition style, and 
having round-headed w indow's above 
pointed niches Norman mouldings 
and capital', yet is of a less heavy 
character. Both buildings, how r ever, 
denote that during those years the 
new style was only just beginning to 
be received in England. 

About tbc same time (1170), 
Archbishop Roger employed the 
Pointed stylo in the new crypt of 
York minster. 

But the early examples of the 
Transition, ot which the dates are 
known with the most undoubted 
ceitainty, are the round part of the 
Temple church, London, which was 
consecrated m 1185, and the choir of 
Canterbury cathedral, wh eh was 
rebuilt after the fire in 1175, and in 
which the Pointed style was intro- 
duced by John of Sens, a French 
architect. Other instances are to be 
found in the great tower at the west 
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end of Ely, built by Bishop Ridel, 
who dud* in 1189; in the county 
hall of Okeham, Rutlandshire; in 
the abbey church, of Glastonbury, 
etc. 

But the nave of Rochester and the 
nave of Peterborough, rebuilt be- 
tween 1170 and 1191, arc proofs that 
the old fashion was not at once 
superseded by the new. 

bimultaneoudy with the introduc- 
tion of the Transition style, hewn 
stone vaults appear to have been 
first tin own over the w ider parts of 
Engli-h churches, wlin-h till then 
had been habitually looted with 
wood. A stone vault was thrown 
over the new choir of Canterbury, in 
1174. It was customary, before that 
time, to roof narrow spaces with 
plain cross-vaulting, but not to vault 
wide spaces with stone. Plain cross- 
vaulting of rubble, v itli and without 
ribs, had been adopted before in 
crypts, side aisles, and chancels. 
Parrel-vaulting, we have seen, was 
introduced in the time, of William 
the Conqueror. From the time that 
the choir of Cauleibury was built, 
which was not long after, it became 
common to throw stone vaults over 
the naves of the larger churches of 
Normandy, and huge stone vaults. 

I 1 :• ‘ ! 1 P 

i. ■ ■ ■ 

; ■ \ ■ . 
train of the stone roofs. 

From this time, the Round style 
fell gradually into disuse ; but at 
Fountains abbey, the foundations of 
which were laid in 1204, and which 
was in progress during the forty 
subsequent years, the windows and 
portals are still round-headed; and 
an instance of a round portal is to be 
found at Ketton, in Rutlandshire, as 
late as 1252. 

During the reign of Henry III. 
the Early Pointed style attained its 
most perfect condition. Fine ex- 
amples of this style are to be seen in 
the chapter-house, the transepts, and 
part of the choir of Westminster 
abbey; in the choir of St. Alban’s; 
in the nave of Lincoln ; the east end 
of Durham; nave of Worcester, 
1224; nave and spire of Lichfield; 
south transept of York; and the 
Older part of the choir of Southwell ; 
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and in Salisbury cathedral, which 
was begun in 1221, and carried for- 
ward, without interruption, till it was 
completed. 

The establishment of the Pointed 
style was attended with one remark- 
able difference in England and Nor- 
mandy. In Normandy, the semi- 
circular chancel became, generally 
j speaking, polygonal ; in England, 
generally speaking, it became square. 
Polygonal chancels are as rare in 
England as square chancels are in 
the larger churches of Normandy ; 
and this difference of shape in Eng- 
land afforded the opportunity of 
those magnificent east windows, 
which are so principal and so 
splendid a feature of our cathedrals. 
Another difference to be remarked, 
is the battlement, which usually 
forms the parapet of English 
churches, and which never occurs 
in the ecclesiastical buildings of 
F ranee. 

It may be said, — 1. That the sup- 
posed existence of the Pointed style 
in Normandy, in 105G, is imaginary. 
2. That the* Normans, adopting the 
corrupt Roman style, gave it a cha- 
racter of their own. 3. That the 
Normans greatly contributed to the 
advancement of the arts in England. 
4. That architecture performed ex- 
actly the same revolution in England 
and France, France having, in all the 
changes, a certain precedence. 

Norroy, or North, roy, in heraldry , 
one of the two provincial Kings at 
Arm^, whose jurisdiction lies on 
the north side of the Trent, as 
does that of Clarencieux to the 
south. 

Northampton Tables, Tables made 
at the county town of Northampton, 
formed from the registers of burials 
of that locality, from which calcula- 
tions were made of the value of life, 
for the purpose of its insurance. (See 
article Assurance Companies.') 

Norway ragstone, a coarse variety 
of the Hone slates. 

Nosing, the prominent edge of a 
moulding or drip ; the projecting 
moulding on the edge of a step. 

Nosing of steps, the projecting parts 
of the tread-board or cover, which 
stand before the riser. The nosing 
of steps is generally rounded, so as 
to have a semicircular section ; and 
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in good staircases a hollow is placed 
under them. 

Notch-board, a board notched or 
grooved out, to receive and sup- 
port the ends of the steps of a stair- 
case. 

Notching, the cutting of an excava- 
tion throughout the whole breadth of 
a substance : by this means timbers 
are fastened together, or their surfaces, 
when joined at angles, are made to 
coincide. 

Nottingham White, a variety of the 
pure white leads prepared for artists. 

Nozzles, those portions of a steam 
engine in which are placed the valves 
that open and dose the communica- 
tion between the cylinder and the 
boiler and condenser, in low-pressure 
or condensing engines ; and between 
the cylinder and boiler and atmo- 
sphere, in high-pressure or non-con- 
densing engines. 

Nucleus, the internal part of the 
flooring of the ancients, consisting of 
a strong cement, over which was laid 
the pavement, which was bound with 
mortar. 

Nuisance, anything tending to hurt, 
to annoy, or to endanger health. 

Nullah, in India, a natural canal, or 
small branch of a river. 

Numismatics. The science which 
treats of the money in use among the 
ancients, is auxiliary to the history 
of Art through the artistic value of 
the types. 

Nunnery, a building for an associa- 
tion of nuns or females devoted to a 
life of religions seclusion. l*re\ ions 
to the Reformation, there existed in 
England 127 edifices for the con- 
venient lodging of such pious women, 
2 in Wales, and 20 in Scotland ; in 
the whole in Great Britain, 149. 
But there were many convents and 
religious houses not specially named 
nunneries, but which were recep- 
tacles also for such pui poses. 

The term sometimes applied to the 
triforium or gallery between the 
ahles of a church and the clere- 
story ; so called from the situation of 
the "nuns’ choir in some convent*. At 
the present time, the roomy galleries 
over the aisles in Westminster abbey 
are called nunneries, probably fiom 
having been used by the nuns of 
Kilburne, when they visited the ab - , 
bey, to which they were subordinate- 1 


Nut, a short internal screw, which acts 
in the thread of an external screw, 
and is employed to fasten anything. 

Nutgalls, the galls from the Quercus 
infectoria. 

Nutmeg wood, the wood of the 
Palmyra palm, Borassas Jfabelli- 
formis. 

Nut-oil, a transparent, limpid, drying 
oil prepared from walnuts, used by 
artists fur mixture with the more 
delicate pigments. 

Nux vomica, or Crow-fig, the seed 
of a tree growing in Coromandel, and 
other parts of India and Ceylon, from 
which strychnine is obtained. The 
second name is given on account of 
the seed being used to poison crows. 
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Oak. There are two kinds of this 
timber common in England, on the 
Continent, and in America. Oak of 
good quality is more durable than 
any other wood which attains the 
same size : its colour is a well-known 
brown. Oak is a most valuable wood 
for ohip-bailding, carpentry, frames, 
and works requiring great strength 
or exposed to the weather. It is also 
much used for carved ornaments, 
panelling of rooms, pulpits, stalls, 
and standards for churches. It is 
likewise used in the construction of 
all kinds of buildings, fur strength 
and stability. English oak is one of 
the hardest of the species : it is con- 
siderably harder than the American, 
called white and red Canada oak. 
African oak is well adapted to the 
construction of merchant vessels. 
Italian oak is much purchased for ou r 
dockyards, to the prejudice of that 
which js proudly standing in our 
several forests. 

The specific gravity of good Eng- 
lish oak. 0*33; weight of a cubic foot 
52 lb*. ; weight of a bar 1 foot long and 
1 inch square, 0*3C lb. ; will bear upon 
a square inch without permanent alte- 
ration, 3,960 lbs., and an extension in 
lcr.glh of ilj ; weight of modulus of 
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elasticity for a base of 1 inch square, 
1,700,000 lbs. ; height of modulus of 
elasticity, 4,730,000 feet ; modulus of 
resilience, 0*2; specific resilience, 11. 

Compared with cast iron as unity, 
its strength is 0'23; its extensibility, 
2*8 ; and its stiffness, O'UL'3. 

Oak bark, the b.uk of the oak tree ; 
much used for tanning. About 40, 0(K) 
tons of oak bark are imported into this 
country annually. 

Oast, hop oast: a kiln for drying hops, 
heated by a stove with tlues. 

Obelisk, in architecture, a quadran- 
gular pyramid : those of Egypt may 
be described as large stones, quadri- 
lateral, diminishing from the base 
upwaids, till, witlnn about a tenth 
of the height, the sides converge to 
a point. The width of the base is 
usually about a tenth of the height, 
to that part where the sides begin 
to converge : they are commonly 
formed from a single stone, mostly of , 
granite. There are, however, two 
small obelisks in the British Museum 
formed of basalt, and one at Phihv, 
of sandstone. When obelisks were 
first made in Egypt, it was custom- 
ary with the patriarchs of the Jews 
to set up stones to perpetuate the 
memory of great events. Strabo calls 
such stones ‘books of history: an 
epithet which might be applied with 
propriety to the inscribed Egyptian 
obelisks. The date of the Elamiman 
obelisk, which is covered with hiero- 
glyphics, is by some wiiteis supposed 
to bo betwc«n 1580 and 1GGU n.c. 
The first oboli-k was raised by Ra- 
meses King of Egypt, in the time of 
the Tiojan war: it was 40 cubits] 
high, and employed 20,000 men in j 
building. Thin-*, another king of 
Egypt, raised one of 43 cubits, and ] 
Ptolemy Philadelphus another of <s.s 
cubits, in memory of Ars-inoe, etc. 
The Romans al>o erected many, 1 
which are well clesoiibed in Human ! 
history. j 

Oblate, flattened or shortened ; in ] 
geometny , a term applied to a sphe- ' 
roid. produced by the i evolution of a 
semi-ellipsis about its shorter diame- 
ter. Of this figure P the earth, and 
probably all the planets having the , 
equatorial diameter greater than the 
polar. ; 

Oblique, in geometry , aslant ; not di- 
rect ; not perpendicular nor parallel, j 
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Oblique angle, one that is greater or « 
loss than a right angle. 1 

Oblique-angled triangle, one that 
has no right angle. 

Oblique arches, or oblique 
bridges, arc thoae which conduct 
high-roads or railroads across a river, 
canal, etc., in an oblique directions 
they are aUo called shew arches. 

Oblique line. When one straight 
line stands upon another, and makes 
unequal angles therewith, the angles 
aie *aid to be oblique, the one being 
greater than a light angle, and the 
other le->s : hence a line is only 
oblique a-' it relates to another line ; 
otherwise the word would be destitute 
of meaning. 

Oblique sailing occurs when a ship, 
being in some intermediate rhomb 
between the four cardinal points, 
makes an oblique angle with the 
meridian, and continually changes 
both its latitude and longitude. 

Oblong, a rectangle of unequal dimen- 
sion > ; iu geometry , longer than 
bmad. 

Observatory, a building erected for 
the purpo-e of making observations 
on the motions of the heavenly 
bodies With reference to the study 
of Tun -dual Magnetism, observa- 
s have b'-en erected by the 
Uriti-h Government in Canada, St. 
Helena, the Cape of Good Hope, 
and Van Diemen’s Land: at Ma- 
dias, Singapore, Simla, and T revan- 
drum ; and by the Russian Go- 
vernment at St. Petersburg and 
other places, in connection with 
tho^e at Gottingen, etc. The mo-T 
munificent example of private de- 
votion to the science of Autonomy 
is the sph mini observatory erected 
by the late Kail of Russo at P.u-ons- 
town, in Ireland. 

Obsidian, a mineral of a glassy ap- 
peaianee, a tiue volcanic glass; it 
occuis iii detached nub'b near vol- 
canic mountain'-. It is called Ob- 
sidian, from Obddius a Roman who 
fil’d hrouglit it fmm Afiica. 

Obtunding, the blunting or taking 
away a sharp corner. 

Obtuse, in geometry, blunt; in oppo- N 
sit lou to acute or sharp. x , a 

Obtuse angle. In geometry , if the 
contained angle be les-s than a 
right angle, it is called an acute ; it 
greater, it is called an obtuse angle. - 
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Obtuse-angled triangle, a triangle 
which has an obtuse angle* 

Obtuse section of a cone, the hy- 
perbola of ancient geometricians, be- 
cause they considered it only such a 
cone whose section through the axis 
was an obtuse-angled triangle. 
Occlusion, a name mod by Professor 
Graham to express the retention of 
gases by solid bodies. Iron is known 
to ab'oib and retain many times its 
own volume of hydrogen ; and palla- 
dium will thus retaiu ail enoimous 
quantity of gas. To occlude is an old 
English verb signifying to shut up. 
Occus, the banquettng-room ol a Ho- 
man house. There were several 
kinds of occi, viz. Corinthian, tetra- 
style, Cyzicene, and Egyptian. In 
the Greek houses the oeti were 
spacious apartments, in which the 
mistress of the family employed 
lierself and servants at the loom. 
Ochre, brown, red, and yellow. 
These are respectively oxides of iron, 
usually mixed up with uncertain 
quantities of earthy matters or clay. 
Octagon, a figure of eight sides and I 
as many angles: when all the sides 
and ali the angles are equal, the : 
figure is called a lcgular octagon. 
Octahedron, in gvonutnj , one of the | 
five regular bodies confuting of : 
eight equal and equilateral triangles. 
Octostylos, a portico which lias eight 
columns in front. 

Ocuba Wax, a vegetable wax 
obtained from tlie fruit ot the MyrB- 
tica Ocuba. In Brazil this wax is 
much used for candles. 

Odeum, a small theatre for the re- 
citation of musical compositions, 
generally in the neighbourhood of 
the theatre : the odeum at Athens 
was contiguous to the theatre 'of 
Bacchus ; the odeum at Pompeii 
aEo joined the theatre. 

Odometer, an instrument attached 
to the wheel of a carriage, by whi< h 
the distance passed over is measured. 
Odontograph, a very ingenious in- 
strument, invented by Professor 
Willis of Cambridge, to enable the 
millwright, workman, and engineer 
to measure, draw, and design infi- 
nitely in extent, the teeth of wheels. 
Odyssey, the great Homeric poem 
devoted to the story of the return of 
Ulysses. 

(Ecus, according to Vitruvius, apart- i 


ments near or connected with the 
dining-room. 

CEillets, or Oylets, small openings or 
loopholes sometimes circular ; ex- 
tensively used in tlie fortifications of 
the middle ages. 

Offices, as connected with the domes- 
tic purposes of large mansions, 
palaces, etc., consist of kitchens, 
sculleries, pantries, breweries, wash- 
liouscs, etc.; frequently detached 
or out-homes ami sometimes in 
cities, underground and vaulted 

places beneath the same roof. 

As connected with business, are 
apartments for the accommodation of 
clerks or accountants ; merchants’ 
counting-houses, etc.; for law clerks, 
law agents etc. 

Offing, in navigation , that part of the 
sea distanced from the shore where 
there is deep water, and no neces- 
sity for a pilot. 

Offset, 01 Set-ofF,tlie splav or narrow 
slanting course of stone or brick, 
serving to connect two portions of 
a wall, the uppermost of which re- 
cedes from the face of that beneath. 

Offskip, a term used to denote that 
partot a landscape which recedes from 
the spectator into the distance. 

Ogee, a moulding consisting of two 
members, the one concave, the 
other convex ; the same with what 
is otherwise called cymatium. In 
Gothic architecture, ogees are very 
much employed. The term ogee is 
aEo applied to a pointed arch, the 
sides of which arc each formed of 
two contrasted curves. 

Ogives, arches or branches of a Gothic 
vault, which, instead of being cii- 
cular, pass diagonally from one 
angle to another, and form a cross 
with the other arches which make 
the sides of the squares, whereof 
the ogives arc diagonals. The 
middle, when the ogives cut or 
crovs each other, is called the key, 
sometimes carved in the form of a 
rose. The members or mouldings 
of the ogives are called nerves, 
branches, or veins ; and the arches 
which separate the ogives, double 
arches. 

Oiling-out, preparing the surface of 
a picture which is to he retouched 
by spreading over it a very slight 
coating of oil, the better to receive 
the fresh pigments. 

m 
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Oillettes. ‘ Little eyes.* Openings 
cr loop-holes made in the battlements 
and walls of mediaeval fortifications, 
through which arrows were dis- 
charged at tht 1 be.siegers. 

Oilstone. Turkey oil-stone makes a 
better whetstone than any other sub- 
stance, from its being very compact 
and close. It is found in the interior 
of Asia Minor. There are two 
varieties, black and white. 

Old Man, in mining , stuff which has 
been worked upon bcfoie. Working 
left by the * old men/ meaning ancient 
miners. 

Oleates, saline compounds with oleic 
acid bases. 

Olefiant Gas, the original name of 
rich bicarburetted hydrogen. 

Oleic Acid, a neutral oil, obtained by 
saponifying mutton fat with potash 
and decomposing the soap with sul- 
phuric acid. 

Oleine. (See Lard Oil.) 

Oleograph, a picture produced in oils 
by a process analogous to that of 
lithographic printing. It is of re- 
cent introduction. 

Oliver, a small lift-hammer, worked 
by the foot. The hammer head is 
about 2 h inches square and 10 
inches long, with a swage tool 
having a conical crease attached to 
it, and a corresponding swage is 
fixed in a square cast-iron anvil- 
block, about 12 inches square and G 
deep, with one or two round holes for 
punching, etc. The hammer handle is 
about 2 to 2£ feet long and mounted 
in a cross- spindle nearly as long, sup- 
ported m a wooden liame between 
end-screws, to adjust the groove in the 
hammer fare to that in the anvil- 
block. A short arm, 5 or G inches 
long, is attached to the right end 
of the hammer axL : and irum this 
arm pioceeds a rod to a spring- 
pole overhead, and aLo a chain to 
a treadle a little above the floor of 
the smithy. 

Olive wood is the wood of the olive 
fruit tree. It re-embles box, but is 
softer and ha» darker veins. The roots 
are very much knotted and are used 
for making ornamental boxes. There 
is another kind of olive wood of a 
greenish orange colour which does 
not appear to come from the olive 
tree. 

Olympiad, a period of four years, by 
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which the Greeks reckoned iheir 
time. The first Olympiad corre- 
sponds with the 775th year before 
the birth of our Saviour, and 22 
years before the building of Rome. 

Omande. (See Coromandel JVood.) 

Onges, in mining , the solid rock which 
bounds the vein. 

Onieolo orNicolo, a variety of onyx 
having a deep brown ground with a 
band of bluish white. 

Onyx, a variety of chalcedony consist- 
ing of layers of different shades of 
colour. 

Oolite, an extensive geological forma- 
tion, so called because it is formed of 
egg-like grains. The Portland stone 
used iu aichitecture, called also free- 
stone and roestone. 

Opa, according to Vitruvius, a bed or 
cavity in which the head of a tie- 
beam rests. 

Opal, a beautiful iridescent gem mainly 
composed of silex. The finest opals 
present a splendid display of colours 
and are much valued as gems. 

Opaque, cloudy, not transparent. 

Opening the Copper. I it soap-mak- 
ing, thisis effected by putting in salt 
or buue till the lev runs freely on 
the laver from the goods. 

Ophites, a black marble. 

Opisthodomos, the enclosed space 
behind a temple : the treasury at 
Athens was so called, because it 
stood behind the temple of Mi- 
nerva. 

Oppidum, according to the Romans, 
a mass of buildings : an entrance 
to a town; the faijadc to a public 
building, not unlike to the termfni 
on the principal lines of railway. 

Opposite angles, those which are 
formed by two straight lines cross- 
ing each other, but not two adja- 
cent angles. 

Opposite cones are those to which 
a straight line can be everywhere 
applied on the surface of both cones. 

Opposite sections, those made by a 
plane cutting two opposite cones 

Optics, the science of direct vision- 
including catoptiics, dioptrics, and 
perspective. 

Optostrotum, according to the Greek, 
a bii< k-paved flooring. 

Opus Alexandrinum, a mosaic 
pavement, emi-i-ting of geometric 
figure-;, in black and red tessera on % 
white ground. 
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Opus Inc er turn is formed of small 
stones of irregular shape touching 
only at certain points, the interstices 
being filled with well-composed 
mortar. 

Opus Reticulatum, a network ar- 
rangement of stones or bricks. The 
west front of Rochester Cathedral is 
so built. 

Or, in heraldry , gold: it is denoted 
in engraving by small points all 
over the field or bearing. 

Ora, a Roman hawser. 

Orange chrome, a beautiful orange- 
coloured durable pigment. A sub- 
chromate of lead. 

Orange minium. (See Jlinium .) 

Orange tree, the orange, lemon, and 
lime trees are evergreens, and seldom 
exceed a height of 15 feet. The 
wood is yellow ; it is rarely used. 

Orange vermilion, a very durable 
pigment made from the washings of 
ordinary cinnabar. 

Oratory, a small private chapel or 
closet for devotion. 

Orb, a mediaeval term for a blind 
window. 

Orbiculns, according to Vitruvius, a 
roller or a pulley revolving upon an 
axis, and having a groove in its tir- 
cumierence for the rope to fit into. 

Orbs, in Gothic ornament , bosses and 
knots of foliage, flowers, or other 
ornaments in cornices. 

Orchella, the weed ftoin which the 
aichil dyes are prepared. 

Orchestra, the area in the Greek 
th ‘atre rompri-ed between the lower 
range of ‘•eats anil the proscenium. 
In the Roman theatre, the orchestra 
was appropriated to the seiiatois ; 
but in the the itres of the Cheeks 
it was the scene of action of the 
dancers. 

Orcin, the name of the colouring 
principle ot several of the lichen-.. 

Orders of Architecture, u-ually 
named tin ‘live order-,’ without 
reference to other stxles of architec- 
ture, are thus enumerated by mo-t 
wiiters: — 1. Tuscan. 2. Doric. 3. 
Ionic. 4. Corinthi in. 5. Compo- 
site. (See Architecture .) 

Ordinates, in geometry and conics , 
li ms drawn from any putnl of the 
circumference of an ellipse, or other 
conic action, perpemliculaily across 
the axis, to the other .-ide. 
Ordnance Survey of (heat Biitain 


and Ireland ; a work of great import- 
ance in ascertaining the true geo- 
graphical position of our islands and 
of their varied superficial features. 
This survey originated in the mutual 
de-ire on the part of English and 
French philosophers to determine 
the precise difference of longitude 
between the meiidians of the Gieen- 
wieh and Paris ob-ervatories. In 
the pursuit of this object, a meeting 
was arranged at Dover between three 
members of the French Academy, 
M M. Cassini, Mecliain, and Le- 
gendre, and Geneial Roy and Dr. 
Blagden, to arrange plans of opera- 
tion. In the course of the subse- 
quent survey, the officers of the 
Royal Artillery, to whom the super- 
intendence of the work was en- 
tiusted, extended their view's and 
operations and, under the patronage 
and at the expense of the Board of 
Ordnance, proceeded to determine 
the length of as many degrees on the 
meridian as came within the limits 
of the survey. The rules by which 
the main lines for this and all other 
extended surveys are obtained, are 
deuved from the principles of trigo- 
nometry, or the properties of tri- 
angles. By these principles we are 
enabled to compute the exact form 
and dimensions of any triangle from 
the actual measurement of one side 
only, and of the angles formed at its 
extremities by the other sides. Upon 
thc-e principles the true figure and 
si/.c of our globe have been deter- 
mined upon the iclative lengths of 
degrees of a meridian in different 
latitudes. 

The exactness of the results of 
these operations depending upon the 
Correct measiuenunt of the one side, 
or butt-line, and of the angles at its 
end-, tbimed by the two imaginary 
side- w hieli have a common meeting 
point in some distant and conspicuous 
ol'ieet, the apparatus for measuring 
this -ide and the angle is required to 
act with extreme delicacy and exact- 
ness. For measuring the length, 
rods of various materials have been 
used, and endeavours made to obviate 
tlie effect of changes of temperature 
in altering the length of the rods 
themselves. General Roy com- 
menced the measurement of a base- 
line on IIouuslow Heath with rods 
813 
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of deal, each twenty feet long. 
But these rods, although prepared 
in the most careful manner, of 
the best seasoned timber, perfectly 
straight, and effectually secured 
against bending, were found to 
suffer such changes of length, from 
the varying dr\ nos and moisture of 
the air, as tendered them utterly un- 
fit for the purpose, and gli-s tubes 
were eventually substituted, each of 
them twenty feet long, and en- 
closed in a frame of wood, allow- 
ing only expansion or contraction 
in’ length from heat or cold ac- 
cording to a law asceitained by 
expeiiments. With these rods a 
base of about o* miles in length 
was measured so exactly, that a 
remeasurement by Colonel Madge 
several years afterwards, made with 
a steel chain constructed by the 
celebrated Itamsden, differed only 
from the oiiginal line to the extent 
of in. Steel chains are jointed 
similar to a watch-chain, and aic 
always used with uniform tension, 
the differences in length due to 
temperature being calculated upon 
the observed fact, that each degree 
of heat above 02° Fahr. extends the 
chain -OOTGof an inch. 

For determining the angles, the 
English officers used an excellent 
theodolite by Itamsden, having 
both an altitude and an azimuth 
circle, and a tchs.-ope of gieat 
power. This instrument, com- 
bining the powers of a theodolite, 
a quadrant, and a transit instru- 
ment, is capable of measuring lioii- 
zontal angles to fractions of a 
second. It is recorded among the 
proofs of the accuracy attained m 
this triangulation, that a testing 
line, or base of verification, as 
termed in gcode-ic operations 
measured on Salisbury Plain, of 
which the length exceeded seven 
miles, differed only one inch from 
the computation earned thiough 
the scries of triangles from Houns- 
low II< ath to Salisbury Plain. 

When the pinnary triangulntion 
has been thus carefully completed, 
a further subdivision of each of 
these great triangles was performed, 
and each of these again was sub- 
divided into others, so that the 
entire plot of the country was re- 
314 


presented by a complete network of 
triangles. Each of these divisions 
and subdivisions being formed inde- 
pendently of the others, and yet the 
exact accordance of the whole being 
insisted on and effected, accuracy is 
secured in all these principal opera- 
tions, and the filling in of each of 
these spaces is entrusted to a different 
class of operators, v hose labours in 
producing the final plan are so di- 
vided and ai ranged that the work of 
eichis a check upon the exactness 
of his predecessor. Thus the sur- 
veyors measure the lines and angles 
on tlie ground, but another class of 
a^Ltants (the plotters) produce the 
plan from the records of the sur- 
veyors, and a third class (examiners) 
test the plan thus produced by subse- 
quent comparison in the field. One 
effect of tins system, by which the 
range of operations confided to each 
operator is thus limited, and the 
fidelity of these thus severely scruti- 
nized,!?, that the bulk of the work 
after the tiiang ulation maybe safely 
confided to an inferior and cheaply 
engaged class of assistants, and great 
comparative economy thus attained. 

The Ordnance Survey of Great 
Britain and Inland, which is now 
under the diroc tion of General Sir 
Ilenry James, is plotted to different 
scales. (See Survey , Geological.) 

Ore, the combinations of the metals 
v ith *omc other element, as oxygen, 
phosphorus sulphur, or the like, 
which are found in nature. 

‘The term Ore is applied to the 
metalliferous matter in the state 
in which it is extracted from the 
earth by the miner. . . Metals occur 
in the eaith either in the metallic 
state, or in a state of chemical com- 
bination as sulphide-*, oxides, ot- 
cai lunate-', or, more rarely, a-" 
arM nide-, chlorides, sulphate-*, phos- 
phate-* and silicates. . . Ores c.\i-t 
in the naith cither in veins or beds.* 
— Pi k y. 

Oreide, a In a--*, an all- »v of gold-n 
liillian-y. Its line colour is duo to the 
care taken in combining the copper, 
tin, and zinc of which it is composed. 

Organ. This word is derived from 
the Greek organon : organum in 
Latin, organo in Italian, orgue in 
French, orgel in German. It signifies, 
generally, an instrument ; but is now 
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used for the name of the grandest and 
most worthy of musical instruments. 

The tones of an organ are produced 
from the pipes only ; of these some 
are of wood, others of various kinds 
of metal, and even of glass. An 
organ of full compass may contain 
all the sounds recognised in the 
science of music, from the lowest 
appreciable to the very highest. The 
largest pipes produce the lowest 
sounds, and some few are made as 
long as about 32 feet, while the 
smallest are about the size of the 
pipe of a very small key. Organs 
are of various kinds, viz. for the 
church, the concert-room, and for the 
private drawing-room. The church 
organ should be of a full, deep, and 
solemn character ; while the concert- 
m room organ should be of a lighter 
and more brilliant kind, with every 
variety of stop, in order to imitate, 

■ not only the full orchestra, but also 
certain* ‘ solo ’ instruments. Hence 
we have the flute-stop ; the haut- 
boy, the cremona or krum-horn, the 
vox-humana, etc. stops; according 
to the extent of the instrument. 
These solo, or fancy stops, belong 
■ only to the concert-room or drawing- 
■ room organ, and are wholly unbecom- 
V ing in one for the church. 

V We have not space to give any- 
I thing like a description of this the 
F noblest of instruments ; and it must 
I suffice to say that it consists of 
' bellows which supply the pipes with 

t wind by means of a wind-chest ; the 
wind being conveyed therefrom, 
through channels, under the different 
ranks, or rows of pipes, and thence 
l into the pipes by means of pallets, or 
' valves, opened at the pleasure of the 
performer, by pressing the proper 
' lever or key. 

The organ is a very ancient instru- 
ment of the church, and must have 
been very unwieldy, since we aie 
told of one in the cathedral church 
at Ilall'Cr^tadt, w hich had only a few 
large pipes, and the keys wvre more 
than a hand-breadth in width, and 
■were beaten or pressed down by the 
fi^t, or elbow; the w ind being supplied 
by several small bellow's. We are aho 
told of the Winchester organ, which 
required seventy men to supply it 
with wind ; its compass was of ten 
notes only, although it liad 400 pipes, 
p 2 * 


i.e. forty to each note ; it was so loud 
that it could be heard all over the 
cit\ r . The organ is usually described 
as being of three kind*, — the great, 
or full chorus organ, the swell organ, 
and the choir organ; the latter is 
used to accompany the softer parts 
of the music, and is such an instru- 
ment as was carried in the ancient 
processions, in the rogation days, and 
other seasons, to accompany the 
priests with while chanting the lita- 
nies ; the performer, or, more properly 
speaking, the minister at the organ, 
being carried also with the instru- 
ment, and seated : hence this organ 
w v as called the chair-organ, now cor- 
rupted into choir-organ, from the dif- 
ference in its employment. The 
swell organ is used chiefly to accom- 
pany solos ; for interludes, and such 
like fanciful music, and takes its name 
from being able to swell out its 
sounds by openings made by turning 
a series of boards on their centres, 
similar to a Venetian blind, these 
boards being connected by levers 
under the control of the performer’s 
foot. 

The key-board, or row of keys of 
an organ, are like those of a piano- 
forte, only they require to be pressed 
down (not struck like those of the 
latter instrument), so as to open the 
pallets before mentioned, and cause 
the pipes to speak. A complete church 
organ contains three row's of keys 
one for each of the above-mentioned 
organs ; and most organs have also a 
row' of keys called pedals, to enable 
the organist to play the bass-notes 
with his feet. 

In organs that are played by 
means of a wind, or handle, the part 
of the organist is performed by a 
cylinder, on which are placed a num- 
ber of wires so contrived as to press 
upon the levers, and open the pallets 
or valves; and hence those instru- 
ments are called barrel organs. They 
are of little or no use for the purposes 
of the church. It has been the 
fashion, for some time, to make one 
organ do the work of tw'o, namely, 
the full organ and the choir organ : 
but it is at best but a sorry contriv- 
ance ; for in such an organ there can 
he no good choir organ mixture ; and 
the full organ is generally too noisy, 
the fullness being made up of loutl- 
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voiced pipes, instead of their being 
round, mellow, and full-toned. These 
kinds of organs have not the dignified 
and solemn character necessary lor 
real church music. 

Organ screen, an ornamental stone 
wall or piece of timber framework, on 
which a church organ is placed, and 
which in English cathedrals and 
churches forms usually the western 
termination of the choir. 

Organum, a nnmeuiven to a machine 
or contrivance in aid of the exercise 
of human labour in architecture and 
other arts. 

Oriclialcum, an old alloy, called also 
false silver. 

Oriel window, a projecting angular 
window, mostly of a triagonai or 
pentagonal form, and divided by 
rnullions and transoms into different 
bays and other proportions. The 
oriel has been discussed by many 
writers, but there cannot be conceived 
an architectural charm more cheerful 
to the interior, or more decorative to 
the exterior of a building, than an 
oriel window. 

Orlop, in shipping, the middle deck. 

Or-molu. (t?ee Mosaic Cold.) 

Ornithon, an aviary or poultry- 
house, or the appurtenance to a farm 
villa. 

Orpiment. The anripigmentum of the 
ancients. A gold pigment made of 
sulphuret of arsenic. 

Orrery, in mechanics, a machine which 
by many complicated movements 
represents the 1 evolutions of the 
heavenly bodies. 

Orthoclase, potash felspar : it is co- 
lourless has a vitreous lustre, or 
pearly, on the faces of cleavage ; it is 
the common ingredient of granite, 
of which it constitutes about 45 per 
cent. 

Orthography, in architecture , the 
elevation ot a building showing all 
the parts theieof in their truo pro- 
portions : the orthography is cither 
external or internal. The exit rmil 
is the delineation of the outer face or 
front of a building ; the internal is a 
section of the same. 

Oryctnognosy, a term synonymous 
with mineralogy. 

Oscill ating Engine, a marine engine, 
with a vibrating cylinder, having the 
piston rod connected to the crank, 
and the cylinder supported by the 


trunnions projecting from the sides 
at or near the centre, cast hollow, and 
connected to the steam and eduction 
pipes. 

Oscillation, or Vibration, in me- 
chanics, the act of moving backward 
and forward like a pendulum. 

Oscillation, the axis of, in mechanic 
a right line parallel to the apparent 
horizontal one, and passing tlnough 
the centre, about which the pendu- 
lum oscillates. 

Osmium, a very rare metallic sub- 
stance, found associated with the ore 
platinum. It possesses a peculiar 
pungent odour which suggested the 
name of the metal. (See Iridium- 
Osmium.) 

Ossarium, a marble sarcophagus, in 
which was placed a glass vessel con- 
taining ashes of persons aftei cre- 
mation. 

Ostium, an inner door, the door ot a 
chamber. 

Out-crop, a geological and mining 
term, signifying that the edge ot any 
inclined stratum comes to "the sur- 
face. 

Outfall, usually the same as Outcrop ; 
strictly — it i**a seam cropping out at 
a lower level. 

Outline, the representation of an im- 
aginary line bounding the visible 
superficies of objects without indica- 
ting, by lights or shades, the eleva- 
tions or depressions. 

Outward Angle, the same as a salient 
angle. 

Ova, in architecture , ornaments in the 
form of eggs, carved on the contojur*'’ 
of the ovolo, or quarter-rouncL/&nd 
separated from each other by smehors 
and arrow-heads. , 

Oval, a figure in geometry, bounded by 
a curve-line returning jto itself. 

Oversh.ot-wh.eel, a wtteel driven by 
the weight of water Veonveycd into 
the buckets dhpo^ed obi its circumfer- 
ence so that one partM the wheel is 
loaded with water wKile the other is 
empty. / 

Over story, the clean story or upper 
rfory of a building. V. 

Ovolo, a convex momtAing, mostly 
u-ed in classical architecture; in the 
limnan examples it is tin exact 
quarter of a circle ; in Grechin it is 
more flat and quirked at the top. It 
is frequently used in the decorated 
Gothic style. 
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Oxalates, saline compounds with 
oxalic acid bases. 

Oxalic acid, a compound of carbon 
and oxygen, only differing fium 
carbonic acid in the relative quan- 
tities of its constituents. Dry oxalic 
acid is composed of two atoms of car- 
bon and two of oxygen. 

Oxford chrome, an oxide of iron 
U"ed in oil and water painting. 

Oxidation, mating: the process of 
converting metals anti other sub- 
stances into oxides, by combining 
a certain portion of oxygen with 
them. 

Oxides of Iron. (See Iron.') 

Oxides of Lead and Tin. (See 
Potty Powder.) 

Oxygen, in chemistry , a gaseous ele- 
ment of great importance in the 
economy of Nature: it is essential 
to the maintenance of organic life : 
hence its original name, * vital air.’ 
Oxygen combined with hydrogen 
forms water, oxygen mixed with 
nitrogen forms atmospheric air. 

Ozocerite, Ozokerite, or Mineral 
Wax, is a solid of a brown colour, 
of various shades, translucent, and 
fusible like bees’ wax ; slightly 
bituminous to the smell, of a foliated 
texture. It occurs at the foot of the 
Carpathians near Slanik, beneath a 
bed of bituminous slate-clay, in 
masses of from 30 to 100 pounds 
weight. It has also been discovered 
at Urpeth colliery near Newcastle. 
It is u^cd tor candles, which give a 
good light, and which are now largely 
manufactured. 

Ozone, oxygen in a changed condition. 
In this state it possesses more ener- 
getic powers than in its ordinary 
condition. This was first noticed by 
Professor Schonbein of Basle. It i 5 
almost always to be detected in the 
air. 
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Pack, a quantity of material, either 
wood or coals, placed or piled up to 
support roofs, or for other purposes. 

Packfong, Chinese nickel-silver — or 
one of the alleys of copper. 


Paco, the Peruvian name for an earthy 
ore, consisting of brown oxide of 
iron, with very small particles of 
native silver disseminated through it. 

Paddle, in metallurgy , the name of a 
puddlei’s tool. 

Paddle-shaft, the shaft upon which 
the paddle-wheel is fixed, placed 
centrally with, and connected to, the 
crank-shaft. 

Paddle-wheel, the wheel fixed upon, 
the paddle-shaft, for propelling a 
vessel through the water by the 
action of a number of paddle-boards 
fixed at the circumference. 

Pagoda, in a i chi lecture, a name ap- 
plied by the Europeans to Hindoo 
temples and places of worship, but 
not by the Hindoos themselves, who 
have no such appellation ; they are 
square stone buildings, not very lofty, 
crowned with a cupola : the pagodas 
of China are, however, lofty houses, 
which sometimes rise to the height 
of nine stories, of more than twenty 
feet each. The buildings are deposi- 
ts ks of their idols, and used for their 
worship. 

Painted and Stained Glass, former- 
ly used exclusively for ecclesiastical 
purposes, — displaying devotion and 
spiritual bearing. Latterly paiuted 
and stained glass have been used for 
domestic purposes. The art of paint- 
ing on glass was known as early as 
the sixth century, and was applied 
to the enrichment of the basilica of 
St. Sophia, and other churches in 
Constantinople ; and in the reign of 
Charlemagne some progress was 
made in enriching and beautifying 
glass uitli colours. In the tenth 
century it was much admired, and 
advanced rapidly : Henry II. patro- 
nised this art. In France it pro- 
gressed in all the magnificence of 
colour, and was extensively diffused 
in England. In Canterbury and 
York some beautiful examples re- 
main, for the admiration and ex- 
ample of modern practice. Of the 
cinque-cento style, the revival of 
art under the immortal Albert 
Durer, some very fine specimens of 
the period, picturesquely drawn, are 
to be found in fine preservation in 
St. Jacques, at Liege ; and of rather 
a later time, those of the Crabcths, 
at Gouda, in Holland, are magnifi- 
cent executions of this art by "these 
SH 
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brothers. One of these windows, up- 
wards of TO feet high, was executed 
by Theodore Crabeth, by command 
and at the expense of Queen Mary of 
England, consort of Philip II.: a 
portion of the picture is magnificently 
painted, the subject of which is the 
Queen, with her husband, kneeling 
at the Lord's table. The upper part 
of this window has been destroyed 
by a storm, but the subject referred 
to remains perfect, and exhibits cor- 
rect likenesses of these sovereign*. 

Painting. The art of painting gives 
the most direct and expressive re- 
presentation of objects; and it was 
doubtless for this reason employed 
by many nations, before the art of 
writing was invented, to communi- 
cate their thoughts, and to convey 
intelligence to distant places. The 
pencil may be said to write a universal 
language, for everyone can instantly 
understand the meaning of a painter, 
provided he be faithful to the rules of 
his art : his skill enabh s him to dis- 
play the various scenes of nature at 
one view, and by his delineations of 
the striking effects of passion, he 
instantaneously afiects the soul of 
the spectator. Invention in painting 
consists principally in three things : 
first, the choice of a subject properly 
within the scope of the art ; secondly, 
the seizure of the most striking and 
energetic moment of time for re- 
presentation ; and, lastly, the dis- 
covery and selection of such objects, 
and such probable incidental cir- 
cumstances, as, combined together, 
may best tend to develope the story 
or augment the interest of the piece. 

Architects will often find decora- 
tions of a room and its furniture well 
worthy of their study. In houses 
recently built, both in town and 
country, the taste of the architect 
has been called in, to give design* 
for the arrangement of curtain*, for 
grates, pier tables, chairs and sofas ; 
and in many instances the superior 
chasteness of the designs, and the 
harmony of the whole with the 
architectural style of the room*, may 
be seen conformable w ith the different 
uses to which the rooms are appro- 
priated. 

Painter, in naiigation f a sea term for 
a rope^ employed to fasten a boat to 
the ship, wharf, etc. 
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Palaestra, a building appropriated to 
gymnastic sports. 

Pale, in heraldry , the third and middle 
part of the escutcheon. 

Palette, a piece of wood upon which 
a painter lays the pigments with 
which he paints his pictures. To 
‘ set the palette ’is to lay on the 
pigments in certain order, com- 
mencing with white, through the 
yellows, reds and blues, to black, by 
which every possible tint may be 
produced. 

Palette knife, a thin flat knife, 
rounded at one end, used by artists 
to mix their colours, and by drug- 
gists to mix salves, &c. 

Palisander, a name used on the Con- 
tinent for rose-wood. 

Palissy Ware, a peculiar kind of 
pottery, remarkable for its beautiful 
glaze, the ornamentation of which 
is in very high relief, frequently 
being models of fish, reptiles, shells, 
or leaves. Bernard Palissy, of Saintes, 
was the lir*t designer and manufac- 
turer of this ware ; he introduced it 
about 1555, after sixteen years of 
experiment, with repeated failures; 
and the art died with him, as all 
attempts to imitate his ware have 
proved very inferior to his, in colour 
and in glaze. 

Pall, in heraldry , denotes a sort of 
cross representing the pallium or 
archie pi scop al ornament sent from 
Rome to metropolitans. In ship- 

building , strong short pieces of iron 
or wood, placed near the capstan or 
windlass, so as to prevent their reemi^ 
ing. 

Palladium, a metal found with pla- 
tina. It was discovered by Dr. 
Wollaston. It is u*ed bv dentists, 
and the Wollaston Medal of the 
Geological Society was of palladium. 

(See Metals.) In antiquity , a 

wooden image of the goddess Minerva 
or Pallas the possession of which 
involved the fate of Troy. 

Pallium or Pall, in church rituals, 
a pontifical ornament worn by popes, 
patriarch*, primates, and metropoli- 
tans of the Roman church, in the 
form of a fillet of black silk, over the 
shoulders, with four red eros*cs. ' 

Palm, Palm-trees, wood of great va- 
riety, imported from the East ’and 
West Indies, but sparingly employed 
in England for cabinet and marqtfctry 
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work, and sometimes for billiard- 
cues, etc. 

Palsgrave, in heraldry , a count or 
earl, who has the merseeing of a 
palace. 

Pandation, in architecture , a yielding 
or bending in the middle. 

Pane, a piece of glass framed into a 
window. Formcily applied also to 
the sides of a tower, turret, spiic, etc. 

Panel, in carpentry , etc , a square 
piece of any matter inserted between 
other bodies; sunken compartments 
of wainscoting, ceilings etc., princi- 
pally employed in Gothic and Do- 
mestic architecture for interior fit- 
tings. A space or compartment 

in a wall, generally of English or 
Flemish oak, and on a ceiling, en- 
closed within a rai.-ed margin. 

In mining , a portion of solid ro- k 
left unworked, either for supporting 
some weight, or else because it is not 

worth cutting. In coal mining, a 

square section of a coal seam m 
which the work is carried on inde- 
pendently of other paits. 

Panemore, in mtchanu s a globular 
windmill, proposed to be erected in 
the centre of a ship, for turning 
wheels and paddles. 

Panoply, in herald/ y, complete ar- 
mour. 

Panorama (Full view), in painting, a 
picture drawn on the interior curlaee 
of a large cylinder, representing the 
objects that can be seen from one 
station w hen the observer directs his 
eve successively to every point of 
the horizon. 

Panstereorama, a representation of 
a town or building, in wood, cork, or 
pasteboard, executed in alto-relievo. 

Pantheon, a temple dedicated to all 
the gods. One of the most celebrated 
edifices of Rome. 

Pantograph, in mechanics, an instru- 
ment contrived for the purpose of 
copying drawing*, so that the copy 
may be cither similar to or lamer 
or smaller than the original. (See 
Pentugraph.) 

Pantomime, the representation of the 
emotions of the mind by gestures. 
Fainting and .-culptuie may be con- 
sidered as imbued with the highest 
grade of pantomimic power. 

Paper Coal, a name given to certain 
layers of lignite from their leaf-like 
character. 


Papier Machd, a substance for 
making useful and ornamental arti- 
cles. It is prepared in two ways: 
one, cuttings ol coarse paper are 
boiled until they are quite soft, then 
beaten in a mortar to the consistency 
of a thick paste ; a large quantity 
of gum is then mixed with it and a 
small quantity of china clay ; these 
give it tenacity : the pulp is then 
poured into moulds. Another way 
of making it is pasting many thick- 
ness of paper together; these are 
called blanks. In either case the 
paper is subjected to considerable 
pretsuie. 

Par, a state of equal value ; equality 
in condition. 

Parabola, one of the conic sections 
lurmed by the intersection of a plane 
and a cone when the plane passes 
parallel to the side of the cone. 

Parabolic Pyramidoid, a solid gene- 
lated by supposing all the squares 
of t lie ordinates applicable to the 
pm.ibola so placed that the axis 
shall pass thiough all their centres 
at right angle-, in which case the 
aggregate of the planes will form 
the "olid called the parabolic pyra- 
midoid, the solidity ot which is equal 
to the product of the bases and half 
the altitude. 

Paraboloid or Parabolic Conoid, 
the solid generated by the rotation 
of parabola about its axis, which re- 
mains fixed. A irustum of a para- 
boloid is the lower solid formed by a 
plane pacing parallel to the base of 
a paraboloid. 

Parabolic spindle, the solid gene- 
rated by the rotation of a parabola 
about any double ordinate. 

Paradise, a private apartment, a 
study, the private appurtenances to 
a convent. 

Paradromides, hypaethral walks at- 
tached to the Greek palcestra. The 
Romans called these "walks xysta ; 
whereas the xysta of the Greeks 
were covered porticoes in which the 
athMas exercised in winter. 

Paraffin, a s«*hd bicarburet of hydro- 
gen, w hich, being a very stable sub- 
stance and having little affinity for 
other bodies derives its name from 
parum offims. It is obtained by 
the destructive distillation of peat, or 
of several kinds of coal and shale. 
It is a white substance void of tasta 
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and smell, feels soft between the 
fingers. It burns with a clear white 
flame, without smoke or residuum, 
docs not stain paper, and has the 
same composition as olefiant ga*. Its 
specific gravity is 0-87°. It is made 
into candles. 

Paraffin Oil, a liquid hydrocarbon of 
an analogous nature to the solid 
paraffin. It is in one of its varieties, 
called Photogen i which *ee. 

Parallel, m gmmeh y, is applied to 
line-, figure-, and bodies which are 
everywhere equidistant from each 
other, or w'hich, if ever so far pro- 
duced, would never meet. 

Parallel bars, the rods parallel to the 
con tic line of a Learn, joining the 
connecting links at the lower ends. 

Parallel Motion, the connection be- 
tween the top of the pi-ton rod and 
the beams ; a name given t > a con- 
trivance, invented by Jame- Watt, 
for convening a reciprocating cir- 
cular motion into an alternating 
rectilinear motion. 

Parallel ruler, an instrument con- 
sisting of two wooden, brass, or steel 
rulers, equally broad throughout, 
and so joined together by the tro-s 
blades as to open to different inh r- 
vals and accede and recede, \ et still 
retaining their paralleli-m. 

Parallelogram, in geometry, a qua- 
drilateral right-lined figure whose 
opposite sides are parallel. 

Parallelogram of forces is a phrase 
denoting the composition of forces, 
or the finding a single force that 
shall be equivalent to two wore 
given foices when acting in n en 
directions. 

Parallelopiped, in geometry , a regu- 
lar solid, contained under six paral- 
lelograms, the oppo-itc of which 
are equal and parallel; or it is a ! 
prism whose base is a parallelogram : 
it is always triple to a pyramid of 
the same base and height. 

Parament, the furniture, ornaments, 
and hangings of an apartment for a 
room of state. 

Parameter, a constant right line in 
each of the three conic sections, and 
otherwise called latus rectum , be- 
cause it mea*uie- the conjugate axes 
by the -ame ratio which has taken 
place between the axes themselves, 
being always a third proportion of 
them. 
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Parapet, the upper part of a house, 
which is above the springing of a 
roof, and guards the gutter ; the 
upper part of a wall, a bridge, a 
terrace, or balcony, etc. Parapets 
mound the fiat roofs of houses m 
the East are of most ancient date. 

Parascenium, in ancient theatres , a 
place behind the scenes to which the 
actors w ithdrew to dress and undress 
them-elves. 

Parastalse, -quare columns or antic ; 
called also par.istacles and parasta- 
liese. Vitruvius uses the term to 
signify the square posts placed be- 
hind the column- of the basilica. 

Pare, in Cornish mining , a gang or 
party of men. 

Pargeting, parge-work, plaster-work, 
employed exteiiorlv for timber 
houses as an ornament ; used also 
in plain and ornamental woik, for 
both the exterior and interior. 

Parian, statuaiy porcelain. A kind 
of pottery made of clay of the most 
pirtect character, mixed with flint, 
used in a semi-fluid state about the 
con-i-dency of cieam, from which all 
the water is absoibcd by the use of 
pla-ter of PaiE moulds, and suh- 
queiit lining, before it is ‘ fired.’ 
If it were placed in the oven while 
still damp it would he liable to (.rack, 
on account of the great emit i action 
due to the evaporation. It is prin- 
cipally used for small representations 
of groups of statuary. 

Paries, the walls of a Grecian house, 
iu eontrad stinetiun to the wall of a 
city ; a ‘unall enclosure, such as a 
court-yard. 

Paris Blue, a pigment made of a pre- 
cipitate from the peroxide of iron. 

Paris Red, a fine iron rouge used for 
p*»h-bing. 

! Parkesine, a preparation made by in- 
emporutmg ca-tor « il, ccllodiun (gnu 
cm ton di— nhcd in ether), and 
wi-od -pirn. 1 he mixture gradually 
foliitiJie-!, and eventually becomes 
a baid nia—. It is u-ed for orna- 
mental article-, and comb*, buttons, 
knite liandb'-, &c. It take- its name 
fimn the inventor, Mr. Parkes, of 
Birmingham. 

Parlour, a private apartment in a 
dwelling, u-ually on the ground 
floor ; a -peaking room in a convent. 
In the time of Henry VI If. parlours 
and privy rooms — summer parlours, 
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winter parlours — were well, comfort- 
ably, and conveniently furnished ; a 
proof that the gentry’ of that period 
were not quite so far behind the pre- 
sent race as might be supposed. 

Parquetage, Parquetry, inlaid 
wood- work, generally used for floors. 
The designs are geometric patterns, 
executed in two differently tinted 
woods. 

Parsonage-house, a residence of the 
incumbent of a parish, a building in 
the vicinity of a church. 

Parthenon, in architecture , the tem- 
ple of Minerva at Athens. 

Particle, the minute part of a body, 
or an assemblage ot several atoms 
of which natural bodies are com- 
posed. 

Partners, in naval architecture, are 
thick pieces fitted into a rabbet in 
the mad; curlings, to receive the 
wedges of the mast ; likewise tem- 
porary pieces nailed on the deck 
round the pumps. 

Partridge-wood is the produce of the 
Brazils and the West India Islands : 
it is supposed to be the wood of the 
Andira mermis. It was formerly 
employed in the Brazils for ship- 
building, and is known in dockyaids 
as cabbage-wood. 

Party walls are partitions of brick 
made between buildings in sepa- 
rate occupations, for preventing the 
spread of fire. These are "made 
thicker than the external walls ; 
and their thickness, and the neces- 
sity of their use, are regulated by 
Act of Parliament, and specified in 
some of the clauses of the Buildings 
Act passed in the reign of the pre- 
sent Queen. 

Parvise, a porch : an open area before 
the entrance of a church. 

Paschal, a stand or candlestick, of a 
large size, used in Roman Catholic 
worship. 

Pasigraphy, the art of universal 
writing. 

Passant, in heraldry , a term applied 
to an animal in a shield appealing 
to walk leisurely: for most beasts, 
except lions, the a\ord tripping is 
frequently used instead of passant. 

Passion, in painting , implies an emo- 
tion of the body, attended with cer- 
tain expressive lines in the face, 
denoting an agitation of soul. 

Pastes, a species of coloured glass 
P 3 


Ubed for making false gems. It can 
be cut and polished in nearly the 
same way as real gems. 

Pastici, or Imitations in Paint- 
ings. A picture painted by a master 
in a style dbdmilar from bis own, 
but in imitation of the style of 
another painter. Pe Pile recom- 
mends it to all persons who would 
not wish to be deceived by pastici, 
to compare the taste of design, the 
colouring and the character of the 
pencil, with the originals. Teniers, 
Giordano, and Don Boulloque are 
those who have appeared with the 
greatest reputation for imitating 
other great masters ; and, beside 
these, many other artists have 
employed themselves in painting 
pastici. 

Pastel, a name for coloured crayons. 
Also a dye stuff allied to indigo, pro- 
duced from the Isatis tinctoria. 

Pastoral staff, the official staff of an 
archbishop, a bishop, or mitred abbot. 

Patand, the bottom plate or sill of a 
partition of a screen. 

Paten, a small plate or salver used in 
the celebration of the eucharist. 

Patents for Inventions are public 
grants to the inventors of new and 
useful machinery' and processes in 
the arts, and by which certain privi- 
leges are secured to the inventors, 
for the exclusive use and exercise of 
their inventions during a limited 
period. Patents aic therefore mo- 
nopolies of a definite character ; but 
being designed as a security for the 
reward of those whose ingenious fa- 
culties and practical skill have pro- 
duced improvements of general util- 
ity and value, these monopolies, if 
justly granted and honestly exer- 
cised, are not to be deeded as inju- 
rious to the public interests, but 
should be conceded with willingness, 
and command the liberal protection 
of the community, which is destined 
to reap a continual and permanent 
advantage from the improvements 
thus fostered in their infant develop- 
ment. Patents for inventions should 
therefore be admitted as bargains be- 
tween the inventor on the one hand, 
and the public on the other ; and the 
abuses to which these bargains are 
liable arise from the common causes 
of official corruption and individual 
cupidity and jealousy. 
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The laws under which patents are 
granted vary in their form in the 
several European and American 
States, and are all, in some degree, 
imperfect, and ineffective of their 
proper object. 

In the United Kingdom of Great 
Britain and Ireland patents are 
granted to the inventor or importer 
from abroad of ‘ any manner of new 
manufacture,’ one grant covering the 
whole realm with the Channel 
Islands and the Isle of Man. The 
colonies were formerly included in 
the grant for England when applied 
for, on payment of extra fees ; but 
this practice has been discontinued. 
Patents are granted in the colony of 
Victoria, and a law has been enacted 
in India for the same purpose. 

British patents are granted as 
matters of course, provided certain 
legal forms are duly complied with, 
certain stamp duties paid, and the 
legal advisers of the Crown (the 
attorney or solicitor-general) are not 
required by opposing parties to 
ascertain whether the privilege 
sought will interfere with any con- 
temporaneous application, or with 
any existing patent. But the va- 
lidity of the patent is entirely at the 
patentee’s own risk. 

The process of soliciting a patent 
is as follows : — The applicant has to 
petition the Crown to grant Letters 
Patent for the invention, and he ac- 
companies his petition with a declara- 
tion of the grounds of his request, 
and a specification either provisional 
or final, by which the invention 
sought to be protected may be identi- 
fied. The difference between a pro- 
visional and a final specification is, 
that in the former kind of document 
the details are reserved: while in the 
latter they are expressed. Every 
provisional specification is submitted 
to the law officer, who on being 
satisfied of its sufficiency, allows a 
certificate of provisional protection 
to be issued. The provisional pro- 
tection lasts nominally six months 
but really only four months ; because 
the patent will not be granted unless 
notice to proceed be given within 
four months from the date of the 
original record of the application. 
The notice to proceed is inserted in 
the * London Gazette,’ and the public 


are at liberty, within a period of 
twenty-one days from the date of the 
insertion, to enter notice of objections 
to the granting of the patent. The 
case is then referred to the law 
officer, with whom rests the decision 
between the parties. Should there 
be no opposition, the patent is 
granted. Having obtained the Great 
Seal, the patentee is allowed a period 
of six months from the original de- 
posit of his papers, to prepare and 
file his complete or final specification 
(unless he deposited it at first, •which 
is rarely advisable), with the draw* 
ings required to illustrate the inven- 
tion and to give an accurate idea of 
the mechanism employed. For this 
purpose great care and judgment are 
needed, based on a knowledge of 
former patents, to frame the specifi- 
cation so that it shall explain with 
sufficient clearness the precise nature 
of the improvements, and have that 
value as property which a good 
specification of a patent always has. 
The patent is now complete, and the 
patentee can safely proceed to practise 
under it. 

The patentee is enabled, under the 
authority of the attorney or solicitor- 
general, to amend his title and 
specification in case of need, and to 
disclaim part or parts of his claims, 
which he may have since found to be 
untenable. He may also petition for 
a prolongation of his term, of fourteen 
years, which petition is referred to 
the Judicial Committee of the Privy 
Council, who grant the same if the 
petitioner make out a case, satisfac- 
tory to them, of extraordinary losses, 
delays, or other special reasons for 
the prolongation. 

The property in a patent can be 
defended from infringement by a bill 
in equity, or by an action at law. It 
has been recently found, however, 
that the ordinary courts of law and 
equity are incapable of dealing satis- 
factoiilv with the science which 
forms the chief part of the inquiry 
in a patent case. A special tribunal, 
to interpret the specification with 
authority in the first instance, has 
therefore become a necessity. 

The patent may be assigned in 
whole or part by the patentee to any 
number of persons : it may also be 
mortgaged, and licenses may be 
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granted for the use of the patent in 
a variety of modes. But all assign- 
ments and licenses must be registered 
at the Great Seal Patent Office, in 
order to give a title to the parties 
interested. 

The cost of obtaining a patent, 
including fees for agency, if unop- 
posed, is £30. But the patent expiles 
at the end of three years, unless a 
further stamp-duty of £50 be pnid : 
and at the end of seven years unless 
a still further stamp duty of £100 be 
made. To these in ms should be also 
added the cost of preparing and 
copying specification and drawings, 
the charges for which are, of couise, 
very variable, accoiding to length, 
int ricacy, etc. 

The expense s and regulations under 
which the foreign patents aie granted 
vary considerably. The following 
brief epitome must suffice in this 
place. 

In the United States of America, 
patents are granted only to the 
absolute inventor, always* for four- 
teen years, and are granted or with- | 
held at the option of the Government 
Commissioners of Patents. The 
amount of official fees payable de- j 
pends upon the country of which the 
applicant is a native. Thus, a citizen | 
of tnc United Stat-s, or a foreigner ! 
who has resided in the States one 
year next preceding the application, 
and has made oath of his intention 
to become a citizen, pavs a fee of 
$30 ; a subject of the Sovaeign of 
Gieat Britain , $500 ; and any other 
foreigner , $300. If the applicition 
for a patent be rejected by t lie Com- 
missioner, two-thirds of the fees paid 
aie returnrh’c# 

In France, patents for inventions 
are granted alike to natives and 
foreigners, and the duration of the 
privilege may be fixed by the pa- 
tentee at five, ten, or fifteen years 
the .-.mount of tax being propoitmnal 
to the term, namely, 500 fiancs for 
five year- ; 1 ,000 francs for ten veai s ; 
and l,5o0 francs for fifteen a ears; 
payable bv annual instalments of 100 
1 runes. The patentee thus enjoys 
the power of relinquishing his 
invention, if found unprofitable, at 
any time during the intended term, 
by ceasing to pay the annual instal- 
ment of fees. 


In Belgium, patents are granted 
for five or ten years: imported in- 
ventions are patentable, and the 
Government tax, which is not heavy, 
is pa ill anna all v in Miiall instalments, 
increasing by 10 francs each year. 

In Holland, patents are granted 
for five, ten, or lit teen years, and 
may be had for foreign as well as 
native inventions. The fees for a 
patent for five years are 150 guilders, 
or £12 10s. ; and for terms of ten or 
fifteen years they vary from 300 to 
750 guilders, or from £25 to £62 10s. 

In Prussia, Russia, etc., the Go- 
vernments excieise a dricretionary 
power in gi anting or refusing pa- 
tents and the laws are of a stringent 
and arbitrary character. 

In Austria, patents are granted 
for terms from five to fifteen years ; 
the taxes must be paid when the 
application is made, and the inven- 
tion put in practice within one year 
fium the date of the grant. 

The German and Italian States 
have patent laws peculiar to them- 
selves, but generally similar to those 
already described. 

Patent Yellow, Turner’s Yellow, 
or Montpellier Yellow, is prepared 
by fusing litharge and common salt, 
and afterwards washing out the 
soda ; — or by mixingcommon salt and 
litharge together in a moist state. 
If this mixture is allowed to rest, 
a chemical change takes place, the 
soda i> then washed out, and the 
compound formed ; it is then fused 
aucl powdered. 

Patera, a circular flat ornament, used 
in Clascal architecture ; used also 
in Gothic and Italian architecture. 

A round dish, plate, saucer, or 

goblet. 

Patina, the green coating, carbonate 
of oxide of copper, which covers an- 
cient bronzes and copper medals. 
An artificial patina is produced by- 
acting on the metal with acetic 
acid, but it is not durable. Patina 
or Patella is also the name of a bowl 
made of metal or earthenware. 

Patriarchs, the. The chief employ- 
ment of the patriar* hs was the care 
of their cattle, \iz. goats, sheep, 
camels horned cattle, and asses. 
There were no horses nor swine 
among them. Theirs was a pastoral 
life, and not a life of tillage. They 
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were always in the field, lying under 
tents, shifting their abode according 
to the convenience of pasture. 

Paul, the catch which holds a ratchet- 
wheel, allowing it to turn in one 
direction only, 

Paul Veronese Green. (See Bice.) 

Pavilion, in architecture , a detached 
building; an insulated turret, con- 
tained under a single roof, sometimes 
squaie and sometimes dome-formed ; 
named from its resemblance to the 
roof of a tent. The laie palatial 
monstrosity at Biighton was called 
a pavilion. 

Pax, a small tablet having on it a 
representation of the Crucifixion, or 
some other Christian symbol, offered 
to the congregation in the Komi-h 
church, to be kissed in the celebration 
of the mass: it was usually of 
silver, or other metal, with a handle 
at the back, but was occasionally of 
other materials ; sometimes it was 
enamelled, and set with precious 
stones. 

Peach, a Comisli miner’s term given 
to chlorite and chloride rocks. A 
peachy lode is a mincial vein com- 
posed of this substance, generally of 
a bluish-green colour and rather soft. 

Peach-stone, a blui-li-green soft stone. 

Peach-wood. (Sec Xitaragua Jf'tod.) 

Peacock copper ore, an iiidescent 
sulphide of copper, produced by a 
partial decomposition of the yellow 
copper ore. 

Pearl-white is prepared from bis- 
muth, turns bla' k in sulphuretted 
hydrogen gas or any impiue air: it 
is employed as a cosmetic. 

Pearl shell. (See Jfothcr-of-Pcai 1.) 

Pear-tree, a native Euro] can wood ; 
its colour is a light biown, some- 
thing of a pale-mahoganv or ccd/i : 
it is employed by the Tunbridge 
turners. 

Pea-stone, or Pisolite, in mineralogy , 
pisiform limestone. 

Peat, the production of a peculiar mo-s 
growing in damp places mixed with 
grasses and other vegetable matter-, 
which pa-s rapidly into a state it 
seini-decompo-ition. It is however, 
mainly due to the growth of Sphag- 
num, the moss above named. 

Pebbles, a name given to rounded 
nodules of siliceous minerals more 
especially to varieties of agate and 
rock-crvstal. 


Pebrine, the name of a disease with 
which the silkworm is sometimes at- 
tacked: — 

‘Soot, it is found, does not curepe- 
brine , the name given to the di*ea-e 
which has threatened to exterminate 
silkworms in France,’ — Chemical 
Nctcs , March 17, 18(15. 

Pedestal, in architecture , the lower 
member of a pillar, named by the 
Greeks stylobates and stereobates ; 
al*o the ba-is of a statue. In 
Classical architecture it consists of 
three divisions : the ba*e. or foot, 
next the ground, the dado, form- 
ing the main body, and the cor- 
nice, or sur-base moulding, at the top. 

Pediment, the tiiangular plane or 
surface formed by the vertical termi- 
nation of a roof consisting of two 
sloping sides : consequently it so far 
corresponds with the guide, but in 
other re*p< cts differs widely irom it. 
One material difference between them 
is that whcieas the gable has no cor- 
nice-, the pediment is bounded by 
three, \iz. a horizontal one, beneath 
it, foiming its ban 1 , and two sloping 
or i along ore*, as they ate technically 
termed ; and the tuangnlar space or 
sui face included witlun them L dis- 
tinguished by the name of the tym - 
pan am of the pediment. Another 
marked difference between them is, 
that the gable may be of any pitch ; 
and bring merely a continuation of 
the w.dl below, instead of being, like 
the pediment, separated fiom it by 
any in lizontal moulding*, its propor- 
tion- do not at all depend upon the 
height or width of the front or com- 
partment of the front which it termi- 
nates, but may be an equilateral tri- 
angle, or even considerably more, as 
to height, and, be-ide-, i* in nowi-e 
governed by the height of what L be- 
neath it. The pediment, on the con- 
trary, must be piopoitioned to the 
Juight of the ordci wliiih it crowns; 
con-eqiiently iN pitch must be de- 
creased in -nmewliat the same ratio 
a.-? its length or ba-c is increased, or, 
in other words, the greater the num- 
ber of columns beneath a pediment, 
the lower mu*t the pitch of the latter 
be. lienee it is hardly possible to 
place more than eight, or, at the ut- 
most, ten columns beneath a pedi- 
ment, without making the pediment 
either too low in itself or else too 
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lofty and heavy amass in comparison 
■with the columns beneath it ; there- 
by not only overloading them — the 
columns being proportioned to their 
entablature alone — but also diminish- 
ing their importance, and causing the 
order itself to look almost puny and 
meagre, while the pediment looks 
heavy and clumsy. 

Besides sculpture within them, 
pediments are frequently surmounted 
at their angles and apex with aootc- 
ria , namely, low pedestal «, upon 
which are placed either single figures 
or groups, or else vases, trophic', or 
other ornaments ; an example of 
■which is furnished by Spencer Hou*e, 
in the Green Park, and still moie 
strikingly by the portico of the East 
India House. The practice of placing 
statues upon pediments appears to 
have originated wnh the Romans, 
and is somewhat analogous in ta-te 
to that of putting them on the sum- 
mit of monumental columns ; for in 
such situ itions human figures show 
only in their general mass as sculp- 
tural accessories to the structure, and 
at a lit tic distance, or si cn in a general 
view of the building, produce scarcely 
more effect than so many pinnacles, 
which last are infinitely more charac- 
teristic of Gothic architecture than in 
accordance with the character of a 
Classical portico. 

In Italian and modern architecture 
generally, the pediment is employed 
as a mere decoration in compositions 
for the dressings of both doors and 
windows, which practice, like that of 
applying columns for the suue pur- 
pose, has been condemned by some in 
the most unqualified manner ; and 
one writer has vituperated, and en- 
deavoured tc biing it into disgrace, 
by comparing pediments over doors 
and windows to — cocked hat-5 ! The 
resemblance which he perceives, or 
fancies, between a cocked hat and a 
pediment is not a particularly batter- 
ing one ; but if it exists at all, the 
injurious comparison holds equally 
good with regard to a large pediment 
as a small one ; the refoie, whether it 
be that over a portico or over a win- 
dow', the shape it sell is in either case, 
the most unfortunate one of a cocked 
hat ; yet, as cocked hats are now' gone 
quite out of fashion, the unlucky re- 
semblance to them is not at all likely 


to be detected. In matters of deco- 
ration, some latitude — some little de- 
parture from strict architectural 
logic — is allowable ; otherwise a very 
great deal in Italian or modern archi- 
tecture nui't be pronounced decidedly 
faulty. If it be a solecism to place 
pediments whose form is deiived 
from that of a roof, over window*, or 
W'here no roof exists, the same objec- 
tion lies against applying entablature 
whose cornices lo-emble the horizon- 
tal ones of a roof, to mere openings 
in the wall ; and in like manner, if it 
be a gross impropriety to flank win- 
dow's with small columns, it must be 
as great, if not a greater one, to in- 
troduce, meiely for the sake of deco- 
ration, a large order whose columns 
are partly bmied in the wall, and 
suppoit nothing but an entablature, 
or pieces of it, w holly unnecessary in 
themselves, and put there only that 
the columns may appear to support 
something. Again, as to the objection 
which has sometimes been urged 
ngaiii't pediments over doors within 
a building, namely, tho*e intended to 
throw' off rain, they should be intro- 
duced only in external situations, — 
it partakes of the same kind ol hyper- 
ciitici'in as the other; or, if strict 
rat onality i* to be uniformly en- 
forced in architectural de.'ign, we 
nui't condemn a great deal in the 
Gothic st\le as being exceedingly 
licentious and irrational. 

Pediments are generally placed 
only over the windows of the princi- 
pal floor of a building, to which they 
?erve ro give distinction and import- 
ance. Window pediments are either 
angular or curved (i.e. segmental), 
and both iorms are frequently intro- 
duced together, and placed alternate- 
ly, in which case it is usual to place 
an angular pediment over the centre 
window. Sometimes the centie win- 
dow' alone is crowned with a pedi- 
ment. When all the pediments are 
alike, they are almost iu\ari.ibiy an- 
gular, although there arc instances 
of the contrary, as in Biidgewater 
House, where Air. Carry has given 
segmental pediments to all the win- 
dows of the piineipal floor, and ha3 
even put them ou r the centre open- 
ings of the triple window's ; and it de- 
serves to be further remarked, that be 
has enriched their tympanums with 
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sculptured ornament— a degree of 
decoration very rarely indulged in. 
A far more remarkable instance — 
perhaps a unique one — may be seen 
in the house erected for Mr. Hope 
in Piccadilly, large segmental pedi- 
ments being there placed over win- 
dows consisting of two openings, con- 
sequently forming squat e, or nearly 
square, instead of upiight composi- 
tions. In that instance, too, the pe- 
diments are filled in with sculpt uie ; 
the figures, however, are not exactly 
confined to the pediments, but come 
somewhat lower down, the horizontal 
cornice being partly suppressed for 
that purpose. 

Pedometer, in mechanics , an instru- 
ment in the form of a watch, consist- 
ing of various wheel", with the teeth 
catching in each other, and which, 
by means of a string fastened to any- 
thing in motion, numbers the paces 
gone over lrom one place to an- 
other. 

Pee, m mining , is the angle or point 
where two vein" cross each other. 

Peek, in navigation , a name given to 
the upper coiners of ^ails extended by 
a gaff, or by a yard eroding the nia-t 
obliquely, as the mizen-yard of a 
ship. The upper extremity of those 
gaffs and yards is also called the peek. 
To * peek the mizen ' is to put the 
mizen yard perpendicular to the 
mast. 

Peek -halyards, the ropes or tackle 
by which the outer end of the gaff is 
hoisted. 

Pegola, Greek pitch, Colophony, 
a substance used in art which is the 
resin left by boiling crude turpen- 
tine. 

Peg-tankard, an ancient '■pecics of 
wassail-bowl, used in the time of 
Queen Elizabeth. It held two 
quarts, and had generally a low of 
seven pegs, dividing the height into 
eight equal paits, each containing 
half a pint. 

Pelopium, one of the very rare metals 
which have been extracted from mi- 
nerals known as tantalitcs. (Sec 
Tan tali nm.) 

Peltry, skins received in their unpre- 
pared state are called peltry or pelts ; 
when tawed or tanned they become 
Jurs. 

Pendant, an ornament suspended from 
the roof of a Gothic or Tudor build- 
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ing ; the hanging pendants of a 
vaulted ceiling, uniting solidity with 
ornament. The most remarkable are 
tho-e in King Henry Vll.’s chapel 
at Westminster abbey. 

Pendent ive, the portion of a groined 
ceiling supported and bounded by 
the apex of the longitudinal and 
transverse vaults. In Gothic ceilings 
of this kind the ribs of the vaults 
descend from the apex to the impost 
of each pendentive, where they be- 
come united. 

Pendulum. Length of pendulum to 
vibrate seconds in the latitude of 
London, 3QT372 inches (Kater) ; 
ditto to vibrate half-seconds. 9 7843 
inches. 

Pennyweight, the twentieth part of 
an ounce. 

Pentacle, two triangles interlaced. 

Pentagon, a figure of five angles and 
five sides : w lien these are equal it is 
called a regular pentagon, but other- 
wise it is irregular. 

Pentagraph, an instrument whereby 
de-igns prints etc., may be copied, 
in any proportion, without a p> rson 
being" skilled in drawing. (See Pan- 
tog/uph.) 

Pentangular, in geometry , five-cor- 
nered or angled. 

Pentaptych, an altar painting of 
many leaves. (Sec Diptych and 
Triptych.') 

Pentastyle, in architecture, a work 
in which there are live rows of co- 
lumns. 

Pentelic marble, a beautiful and 
glossy variety of Parian and Carrara 
marble, named from Mount Penteli- 
cus near Athens, where it was 
quarried, rentclic marble, from the 
smallness of the grain, L sometimes 
mi-taken for the Parian ; but, of the 
two, the former is of a finer quality. 
The Pentelic quarries display m a 
remarkable manner the energits of 
tin* ancient Athenians ; whole sides 
of the mountains have disappeared, 
and present unifounly cut perpen- 
dicular cliffs: and holes, still to be 
traced on the slope of the quarries 
mad** for the inset tion of capstans, 
mark the place of the mechanical 
descent of the marble ; whilst a da- 
maged and rejected cylinder, appa- 
rently intended for a part of a co- 
lumn of the Parthenon, interests the 
traveller on the ascent. 
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Penthouse, a projection over a door, 
an entrance, a window, or a flight 
of steps, etc., for protection from 
weather. 

Peperino marble, in mineralogy, a 
calcareous stone, something of the 
nature of travertino. It is supposed 
to be the ancient Saxon Albanian , 
of which the foundations of the cnpi- 
tol at Rome (still to be seen) were 
built. 

Perambulator, in surveying , an in- 
strument for measuring distance*; 
named also the Pedometer and Sur- 
veying wheel, — now applied to small 
carriages used for carrying children. 
The practice is a most unwise one, 
as tending to weaken the limbs ot 
the child. 

Perch, a small projecting beam, cor- 
bel, or bracket, near the altar of a 
church. 

Perch, or Pole, a linear measure of 
5£ yards. 

Perclose, an enclosure, a railing; 
sometimes used to protect a tomb, or 
to separate a chapel from the main 
body of the church. 

Percussion, in mechanics , the striking 
of one body against another, or the 
shock arising from the collision of 
two bodies. 

Periacti, the revolving scenes of the 
theatre, called scence versatiles by the 
Romans : they were placed before 
the itinera versurarum , or those 
entrances to the stage which were 
in the returns of the permanent 
scene. 

Periactos, a theatrical machine, con- 
sisting of three scenes placed in the 
form of a triangle on a revolving 
platform ; so that, by simply turn- 
ing the machine, the scene could be 
changed. 

Peridot. (See Chrysolite .) 

Peridromus, in ancient architecture, 
the space of an aisle in a periptcion, 
between the columns and the wall, 
used for walks by the Greeks. 

Perimeter, the boundary of any fig- 
ure, being the sum of all the sides in 
right-lined figures, the same as cir- 
cumference or periphery in those of 
a circular form. 

Pernambouca. (See Brazil JFood) 

Periodide of Mercury. This has an 
intense scarlet colour, and is some- 
times used by artists ; but it is not a 
permanent colour. 


Periphery, the circumference of a 
circle or ellipse. 

Peripteral, a temple which had its 
cella'surrounded by columns. 

Peristylium, a continued row or se- 
ries of rows of columns all round a 
court or building, in contradistinc- 
tion to porticoes, in which the pillars 
did not surround a space, but were 
arranged in one or more parallel 
lines. 

Peritroehium, in mechanics, a wheel 
or circle concentric with the base of 
a cylinder, aDd movable together 
with it about an axis: the axis, 
with the wheel and levers fixed in 
it, to move it, constitute that me- 
chanical power called axis in peri- 
trochia 

Perpendicular, in geometry, a line 
crossing or cutting the horizon or 

any other line at right angles. 

One line is perpendicular to another 
•when it makes the angles on each 
side of it equal to each other. 

Perpendicular Style of Gothic 
Architecture. (See Architecture.) 

Perpent-stone, a bond-stone ; a large 
stone reaching through a wall so 
that it appears on both sides of it. 

Perpetual Motion is that which 
possesses within itself the principle 
of motion ; an impossibility, seeing 
that motion is only a manifestation 
of force which can only result from a 
change in the form of matter. 

Perron, in architecture, a staircase 
outside of a building, or the steps in 
fiont of a building leading up to the 
first story. 

Persian Architecture. (See Archi- 
tecture, 0> iental.) The aqueducts are 
famous for their structure. Hon- 
shung, the grandson of Kaiomurs, 
the founder of the Paishdadian 
dynasty, is famous as the first who 
constructed them. These aqueducts 
are made by a succession of small 
wells a few yards from each other, 
and of such depth as the level and 
soil require. They are connected 
with each other at the bottom by a 
channel, large enough for a man to 
pass to clear it. The c e wells com- 
mence at a spring, and not only con- 
vey its w r aters, but that of such 
other springs as are found in the 
course of the canal. They are com- 
mon through all Persia : the water 
they convey is applied to irrigation* 
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Persian Wheel, a name given to a 
machine for raising water, which may 
be turned by means of a stream act- 
ing on and turning round the wheel. 
The buckets, instead of being firmly 
fastened, are hung upon the wheel 
by strong pin 5 , fixed in the side of 
the rim, which mud he made as high 
as the watt r i* intended to be raised 
above the level of that part of the 
stieam in which the wheel is placed. 

Persians, in ancient architecture y male 
figures employed to support entabla- 
tures ; the female figuies were named 
Caryatides. 

Perspective, in painting , etc., the 
science by which all things are 
ranged on a plane surface, as in a 
picture, according to their appear- 
ance in their real ■situation. 

Peruvian-wood, a wood something 
resembling rose-wood, but closer, 
harder, and lighter in colour. Its 
locality is unknown. 

Petite "Nature, a term applied to 
pictures in which the figures are 
represented a little over two thirds 
the natural size. 

Petalite, the mineral in which Uthia 
was first discovered. According to 
Hagen its composition is silica 77-81, 
alumina 17*20, soda 2-30, litbia 
2-GO. 

Petroleum, native tar, a bituminous 
mineral. 

Pe-tunt-se. China stone, which see. 

Petworth. Marble, a shelly limestone 

occurring in the neighbourhood of 
Petworth. 

Pew, an enclosed scat in a church, 
introduced since the Reformation. 
Previous to the Reformation the 
nave of a church was the part oc- 
cupied bv the congregation. Fews 
are fixed seats separated from each 
other by wainscoting, and varying 
in height 

Pewter, in metallurgy, a mixed metal, 
consisting of tin variously alloyed 
with lead, zinc, bismuth, or antimony. 
Common low-jniccd pewter contains 
20 parts tin, 3 lead, 1 brass; best 
pewter, 17 parts antimony, 100 paits 
tin, and a little copper. Few ter di-lies 
and wooden trenchers were the ordi- 
nary services of our ancestors till the 
time of Elizabeth, when ‘ by reason of 
sharpe laws provided in that behalf,’ 
pewter was compounded of purer 
metal than before. The splendid 


services of gold and silver were only 
used on occasions of ceremony and 
on festivals. 

Pharos or Pharus, a lighthouse. The 
most celebrated lighthouse of an- 
tiquity was that situated at the en- 
trance of the port of Alexandria, 
built by Sostratus on an island, by 
the direction of Ftolemy, at a cost 
of 800 talents. Pliny mentions the 
lighthouses of O-tia and Ravenna. 
The name of Pharos was given in 
allusion to that ot Alexandria, which 
was the model for their construction. 

Phenicine, a colouring matter pro- 
duced by the action of nitro-sulphu- 
ric aud on phenylic alcohol : it is an 
amorphous powder of a brown co- 
lour. 

Phenol, another name for carbolic 
acid. Under some circumstances 
it gives rise to a blue colouring mat- 
ter, which is used to a certain extent 
in dyeing; this is known commer- 
cially as azubne. 

Phonics, the doctrine of sounds, other- 
wise named acoustics. 

Phosphates, combinations of phos- 
phoric ueid with metallic, earthy, or 
alkaline bases. 

Phosphate of iron is a native mine- 
ral of a blue colour. 

Phosphorus, one of the principal in- 
Ihunmable bodies in nature. It 
burns at the common temperature of 
the atmosphere. Pure phosphorus 
resembles white wax in appearance. 

Photo-chromo-lithography, a pic- 
ture impressed on stone by light, and 
printed iroin it in colours. 

Photo-galvanography, a name 
given to a process invented by Mr. 
Pictset for producing engravings 
from photograph*, by the applica- 
tion of the galea no-plastic process. 
It is not now employed. 

Photogen, a term used to designate 
certain oils or naphthas for illumi- 
nating purposes. 

Photography, the art of producing 
a picture by the agency of light. 
Photography presents a number of 
the mo*t interesting phenomena, 
which have acquired important prac- 
tical results, in correctly portraying 
by the light of day all things in 
natiue, whether architecture, draw- 
ings of every variable kind, land- 
scape, machinery, pictures in oil, 
the human form, etc. 
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Photography, in its earliest and 
simplest iorm as practised bv Wedg- 
wood, consisted in preparing paper 
with chloride of silver. This white 
salt exposed to sunshine was 
darkened. If the light was ob- 
structed the chloride was left un- 
changed ; therefore if an engraving 
was placed on the prepared paper, all 
the black lines "were left u bite, be- 
cause the sol ir rays were prevented 
from passing through them, and the 
chloiide of silver was left unchanged. 

Here Wedgwood's process ended, 
as he had not discovered any means 
of fixing the image obtained. At a 
later period M. Niepce of Chalons-on- 
Snanc discovered that several resins 
underwent a change upon exposure 
to sunshine, and on this fact he based 
his process called lithography. To 
this succeeded the Daguen cotype , the 
invention of Daguerre. A silvered 
copper plate was exposed to the ac- 
tion of the vapour of iodine until it 
acquired a pale yellow colour ; it was \ 
then placid in the camera ob.-cura, ’ 
and received the lenticular image, 1 
which produced a dormant picture; ! 
thh was developed by being* exposed 
to the influence of mercurial vapour, 
and fixed bv dissolving oft* the un- 
changed iodide of silver with hypo- 
sulphite of soda, which was discovered 
by Sir John llcfrchel. This salt lias 
since become the general fixing agent. 
Mr. Fox Talbot made the tir>t great 
step by the discovery of the Cain- 
type, or 'beautiful picture.' In this 
piocess he covered paper with the 
iodide of silver, and then rendered it 
most exquisitely sensitive by wash- 
ing it over with a mixture of a solu- 
tion of gallic acid and nitrate of 
silver. Exposed in the camera 
obscura fur a few minutes, an in- 
visible image was formed, which 
was developed by another wash of 
the gallic acid solution. This process 
was called the ‘ Calotype.’ The 
Editor of this Dictionary next dis- 
covered that the proto-sulphate of 
iron possessed the same power of 
developing the dormant picture, and 
that it possessed many advantages 
over the gallic acid : the iron salt 
is now invariably used by pho- 
tographers. Eventually collodion 
(gun cotton dissolved in ether) was 
i hoovered, and the delicate beauty 


of the him when spread on glass soon 
pointed it out as a material on which 
the photographic image might be 
received. The Collodion process, 
worked out to perfection by Mr. 
Archer, consists in carefully- spread- 
ing on a plate of glass a little collo- 
dion in which iodide of potassium has 
been dissolved. This dries rapidly : 
it is plunged into a solution oi nitrate 
of silver, and a very sensitive iodide 
of silver is formed unilormly on the 
plate. This is placed in the camera 
obscura, and the image is allowed to 
impress itself. This is done with 
great rapidity, and it is then de- 
veloped by the use of the sulphate of 
iron, and fixed by the hyposulphite 
of soda. When fixed, the image is 
secured by a transparent varnish. 
All photographic pictures obtained 
by means of the camera obscura are 
now produced by the Collodion 
process. 

The action of light upon the salts 
of cluoiuiuni, which appears to have 
been fii-ht noticed by Mr. Mungo 
Ponton, has been made available for 
many interesting applications. The 
Editor was the first to observe, and 
publish, the effect produced upon 
gelatine and on sized paper, by the 
chromic acid liberated by the decom- 
position of bichromate of potash by 
sunshine. The Chromotype process 
was the result of this discovery, and 
from it have sprung the Autotype, 
the Woodbury type or permanent 
printing process, and some others. 
Essentially these are dependent upon 
the following manipulation and 
changes : — A solution of gelatine it 
made, and bi-chromate of potash is 
dissolved in it. This solution is 
poured over a very clean and warm 
glass plate, and a perfectly smooth 
coating being formed, it is allowed 
to dry in a dark warm room. When 
dry, the plate is exposed to the sun- 
beam, with the picture or object to 
be copied superposed. The bichro- 
mate is decomposed in exact obedi- 
ence to the quantity of light pene- 
trating to it, so that some parts 
remain unchanged, and other parts 
are only paitially so. All the un- 
changed bichromate salt can be 
dissolved out with warm water, and 
over those parts the gelatine is 
softened and swells: or. if the soaking 
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is continued, it can be entirely dis- 
solved off the glass. Accordingly, 
an image is left either with the un- 
changed gelatine in relief, it Inning 
swollen, or the changed gelatine in 
relief, the other portion being en- 
tirely removed. The picture thus 
produced io manipulated in various 
ways. In some ca-es an electrotype 
copy has been taken, m others the 
picture is transferred to stone or 
zinc. Some few copies can be 
printed from the gelatine plate 
it&elf. In either case the picture is 
printed in ordinary ink as u*ed 
lor printing engravings or in any 
coloured ink that may be required. 
Sir John Ilerschel introduced some 
very interesting processes; as fur 
example, the Cyanotypc, in which 
the per-salts of iron were converted 
by light into protosalts, and then I 
developed by the feriocyamdc of 
potassium, producing a blue picture. 
Another process, called the Chry>o- 
type , was produced m a similar man- 
ner, but employed a solution of gold 
instead of iion to dcvelope the pic- 
ture. 

Photometry, the measurement of 
light. 

Physics, the doctiine of natural 
bo<lies, their phenomena, cause-, and 
effects, with their various motion-, 
operations, affections, etc. Taken 
in its most enlarged sense, it com- 
prehends the whole study of nature, 
and includes physiology and natural I 
history. 

Piazza, an open area or square ; a 
covered walk or portico. 

Pick, an instrument in common use 
as well in agricultural as in mining 
operations. 

Pictura ( Latin ), a painting. The art 
of imitating the appearances of bodies 
upon an even surface, by means of 
light and shade, or colour, was mo-t 
extensively cultivated by the an- 
cient s, but especially by the Greek*, 
amongst whom it was carried to the 
highest degree of technical develop- 
ment. 

Picul, the Chinese picul of tea is equi- 
valent to IS! pound*. 

Pier, in architecture , the strong co- 
lumns on which the arch of a bridge 

is raised. -The solid mass between 

doors, windows, and other openings in 
buildings : the term is often applied 
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to pillars in Norman and Gothic 
architecture. 

Piers, walls built to support arches, 
and from which, as bases, they spring. 

Piet a, a name given to pictures re- 
presenting the dead body of Christ 
attended by the Virgin, or sorrowing 
angel*. 

Pietra Dura, * ornamental work, 
executed in coloured stone, repre- 
senting fruit, birds, etc., in relief, 
and generally used as a decoration 
for cotter*, or the panels of cabinets.’ 

Pietre Commesse, a species of inlay- 
ing in precious stones. The stones 
are cut into thin veneers, and sawn 
into shape, by means of a wire and 
emery powder, and finally fitted at 
the lapidary's wheel. 

Pig, a name given in Scotland to a 

stone- ware ve*-el. In metallurgy , 

the name given to mas*es of metal, as 
pig-iron, pig-lead, which have been 
ca-t in moulds formed in sand or 
othc nvi*e. 

‘ Iron, i it her in the state into 
which it is lir?t 1 educed by hr-*, pre- 
viously to its conversion to the con- 
dition of niallcabilitv, or as it usM 
for the casting of large article* in 
moulded sand,, n called sow-metal or 
jng-metal, epithets originating with 
the furnace-men, and refen ing to 
the blocks as they may have been 
run in the main or the collateral 
gutters, the former being called sows, 
and the latter pigs, respectively.’ — 
^Manufactures in Jletal, Iron , and 
Steel. Edited by Robert Hunt, vol. 
i. p. 41. 

Pig-boiling, in metallurgy , ‘ con*ists 
essentially in the decarburisation of 
the pig-lion by contact with oxi- 
dised compounds of iron, whereby 
carbonic oxide is produced below 
the surface of the molten metal, and 
in escaping cau-cs the appearance of 
ebullition or “boiling.” The merit 
of introducing “wet" puddling or 
“ pig-boiling ” is ascribed, and as I 
believe with reason, to the late Mr. 
Joseph Hall of the Bloomfield Iron 
Works, Tipton, Staffordshire.’ — 
Pi:i:CY, Iron and Steel , p. 670. 

Pigeon -wood, the woods thus named 
are generally of a brown orange co- 
lour. (See Zebra Wood.') 

Pigments, coloured materials used in 
painting ; they are made from sub- 
stances belonging to the three king- 
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doms of nature, but wlien they are 
made from an animal or vegetable 
substance, a mineral oxide or earth 
is always mixed with it. Pigments 
are of two kinds, opaque and trans- 
parent , 

Pilee, square blocks placed upon the 
epistylia, and immediately over the 
columns in a basilica, for supporting 
the timbers of the roof. Pila? were 
also buttresses built against the walls 
of a mole, to resist the force of the 
waters. 

Pilaster, in architecture , a square co- 
lumn, sometimes insulated, but more 
frequently set within a wall, and 
only showing a fourth or fifth part 
of the thickness. Pilasters were un- 
known in Greek architecture, in 
which only antie (see Antce) were 
admitted : they are employed by the 
moderns as substitutes for an order 
in engaged columns and are, per- 
haps, even preferable to the latter, 
inasmuch as they combine better 
and more naturally with the wall to 
which they are attached. 

Piles, as applied in engineering ope- 
rations, are used both in temporary 
and in permanent constmctions. In | 
the former cases, the}' are commonly 
squared logs or baulks of timber, ; 
which are driven close together in 
single or double rows, so as to en- 
close a space of water, and form a 
cofferdam, from which the water is 
subsequently pumped out, and thus 
a dry space obtained for laying the 
foundations of piers, abutments, etc., 
in bridges and other similar woiks. 
The most substantial kind of coffer- 
dam, adapted for works which will 
be long in construction, is formed of 
a double row of concentric piling, a 
space of three or more feet being left 
between the two rows of piles, which 
is tilled with clay, well puddled or 
rammed in. For permanent works, 
piles are driven in loose or uncertain 
strata in rows, leaving a space a few 
feet in width between them, and 
upon the heads of the piles the foun- 
dations of the superstructure are 
erected. In some of the iron bridges 
lately erected for railways, piles have 
been used as substitutes for solid 
piers in the water. Wharf-walls 
have also been built with facings 
formed with piles. In most of these 


works the piles used are of cast-iron, 
while those used for cofferdams and 
foundations are of timber, the lower 
end being fitted with a wrought-iron 
pointed shoe, to facilitate the pene- 
tration of the strata, and the head of 
tlie pile guarded with a ring of the 
same metal to prevent its splitting 
while being driven. Iron piles are 
cast in various forms ; sometimes so 
as to preserve similar external di- 
mensions to timber piles, and hollow 
or tubular within ; and if for wharf- 
wall*, they are formed with grooves 
in the sides, into which metal plates 
are fitted, the piles being placed from 
4 to 7 feet apart, and the inter- 
mediate spaces filled up with these 
plate** 

For piling in loose and movable 
materials, more especially for form- 
ing moorings, ]\Ir. Mitchell has in- 
troduced a form of pile which is pro- 
perly called a screic-pile, the lower 
end being formed as a screw, and 
fitted (for moorings) with a broad 
plate or disc of metal in a spiral or 
helical form. The most important 
purpose to which the screw-pile has 
been applied is for forming the foun- 
dations of lighthouses, beacon-*, jet- 
ties etc., in places where the sand or 
soil is too unstable to bear the weight 
of any massive structure, or where 
the force of the waves would endan- 
ger masses of masonry by under- 
mining the materials below them. 
The lighthouse erected in the year 
1840 upon the Maplin Sands may be 
instanced as a work which owes the 
very possibility of its existence to 
the>e screw-pile foundations. The 
piles used in this structure are nine 
in number, and made of malleable 
iron, 5 inches in diameter and 26 
feet long, with a cast-iron screw 4 
feet in diameter, screwed to the foot 
of each. Eight of the piles were 
placed at the angles of an octagon, 
and the ninth in the centre, and 
were put down in nine consecutive 
days, being screwed to a depth of 22 
feet in the bank. Several similar 
works have been since constructed 
with complete success ; and in 1847, 
the screw' piles were applied in the 
construction of a jetty 260 feet in 
length beyond the old one, at Cour- 
town, on the coast of Wexford* 
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Malleable-iron piles, 5 inches in dia- 
meter, and laid in the ground 11 to 
15 feet, were fitted with screws 2 
feet in diameter. The facility and 
rapidity with which these piles are 
inserted are not the least among their 
qualifications. 

Before the introduction of screw- 
piles,— the process of fixing which 
consists in giving them a rotatory 
motion by means of capstan*, — the 
fixing of piles was accomplished by 
during them downward*! by the force 
of an adequate weight, which was 
permitted to fall vertically on them 
from a considerable height. The 
machinery employed was therefore 
propei ly called a pile-driver, and 
consisted simply of a vertical fram- 
ing, provided with winches and 
chains, by which the weight cr 
• monkey ’ was alternately raised by 
manual power, and released so as to 
fall upon the head of the pile ; or a 
gin was applied, and horses used for 
the same purpo-e. 

Within the last few years a great 
improvement has been effected in the | 
machinery for pile-driving, by the 
application of steam-power. The , 
earliest invention for this purpose is 
recorded in a patent granted in 180(5, 
but no practical application appears 
to have resulted for many years. 
The patent referred to was 'dated 
dune G, 1806, and granted to William 
Dcverell. for ‘improvements in the 
mode of giving motion to hammers, 
stampers, knives, shears, and other 
things, without the application of 
wheels, pinions, or any rotative mo- 
tion, by means of various powers now 
in common use.’ Tlie apparatus was 
designed to consist of a steam-cylin- 
der with piston and rod, and a ham- 
mer, raised by admitting the steam 
below' the piston. By the condensa- 
tion or the e-enpe of the steam, the 
hammer and the piston were allowed 
to descend, urged both by their own 
weight and bv the elasticity of the 
compressed air in the top of the cylin- 
dt i above the piston. Thi*, therefore, 
established the principle of the steam- 
hammer ; but the most successful ap- 
plication of it to the purposes of 
driving piles, as well as to those of 
the smithery, is due to Mr. James 
Nasmyth, whose steam-hammer con- 
sists of a steam-cylinder, which is 
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closed at the bottom, but has open- 
ings in the top, to admit the passage 
of air. The rod of the piston passes 
through a steam-tight aperture in 
the bottom of the cylinder, and has 
the ‘ monkey,’ or driver, weighing 2£ 
tons, suspended from it. The ma- 
chine is worked with high-pressure 
steam, which entering the bottom 
of the cylinder, raises the piston 
and * monkey. 5 When the piston 
reaches the height intended, it shuts 
the induction and opens the eduction 
pipe (also at the bottom of the cylin- 
der), by which the steam escapes, and 
the monkey falls. A heavy iron cap 
slides between standards and round 
the head of the pile, and thus guides 
it in its descent. This machine, as 
used at Devonport, in driving piles 
for the steam-dock, made seventy 
strokes per minute, and drove piles 
14 inches square and 18 feet in 
length. 

In the year 1843 (December 5), a 
patent was obtained by Dr. L. H. 
Pott*, for ‘ improvements in the con- 
struction of piers, embankments, 
breakwaters, and other similar struc- 
tures.’ The sc\ eral objects com- 
prised in this invention were sought 
with considerable ingenuity, and 
have been realised with success. The 
invention includes the application of 
hollow' piles of iron, of a cylindrical 
or other convenient form, and sinking 
them by withdrawing the sand, etc., 
within them by the action of an air- 
pump. For this purpose the pile is 
fitted with an air-tight lid, through 
which a pipe parses to connect the 
interior of the pile w'ith a receiver. 
'I he receiver is connected by a pipe 
w'ith a three-barrelled air-pump, by 
w'orkmg which the air is exhausted 
from the hollow' pile, and the sand 
and water raised into the receiver, 
which is emptied as often as neces- 
sary. A second purpose proposed 
iu this patent is the use of skeleton 
frames or cases of cast-iron in con- 
nection with the piles, for securing 
them together, ancl preserving their 
relative positions. A third object 
is the injection, by hydraulic pres- 
sure, of such chemical solutions about 
the feet of the piles as will consolidate 
the sand upon which they stand, and 
thus secure the w T ork. And the in- 
ventor also proposed to use hydraulic 
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cements in a dry state, delivered at 
ttie base of the piles, by the admix- 
ture of which cements with the water 
they would become solidified, and thus 
materially aid in strengthening the 
superstructure. 

Recently these piles have been 
successfully used on the Goodwin 
Sands, by the Trinity Board. Pre- 
viously, engineers had been baffled 
in finding a bottom. The piles have 
now been fairly affixed to the hard 
bottom, seventy-five feet through the 
sand. 

in connection with Mitchell’s, 
.Nasmyth's, and Potts’s modes of 
piling, it is proper to notice also 
Cram’s patent pile-driving locomo- 
tive machine, which was successful 
m its operation in the United {States. 
The volume (‘ E ns am pies of Railway- 
Making ’) from which the following 
extract has been made was edited by 
the publisher of this Dictionary, with 
a view to induce a cheaper mode of 
construction of railways in countries 
less wealthy than those already in- 
tersected by iron roads. 

Pile-road . — As a considerable 
length of the Utica and Syracuse 


lieauou oi me superstructure, anu 
formed that which is known as pile* 
load. The swamp varied in depth 
from 10 feet to 00 feet, and was 
nearly on a dead level throughout : 
the grade-line closely con expanded 
with its surface ; so that it was ne- 
cessary to reach the hard bottom 
before any foundation could be 
effected. Piles were adopted as the 
cheapest and most efficacious means 
to secure a durable and substantial 
basis : they were driven to their 
places by a steam pile-driver. Tim 
was a machine formed of a platform 
about 2 j feet long and 8 feet broad : 
at one end were erected two pairs of 
leaders or guides, in which the ham- 
mers moved. Immediately behind the 
leaders were fixed the i oilers, with 
the necessary brakes and gearing tor 
working the hammers, raising the 
piles, etc. The rollers were revol\ed 
by a small high-pressure steam-en- 
gine, occupying the rear of the ma- 
chine. The arrangement of the 
leaders was the same as in ordinary 


piling machines : a curved piece of 
wood forced open the sheers when the 
hammers reached their elevation. 
The hammers were confined to the 
leaders by a groove : they weighed 
about 1,000 lbs. each, were made of 
cast-iron, and at their last blow fell 
through a space of 27 feet. A pair of 
piles were driyen at one operation 
by this machine ; when driven, cast- 
iron rollers were placed upon their 
heads, and the machine, by means of 
an inverted rail, moved on to the 
next place. The heads of the piles, 
sawed oft* to reduce them to the proper 
level, were found sufficient to supply 
the furnace with fuel. 

The men employed in operating the 
machine were, — a foreman, a steam 
engineer, two brake-men, and two 
men in front at the saws ; also a 
hor»e and cart, to furnish water for 
the boiler. Properly geared in front 
of the machine, and between the 
leaders, was a saw that played on 
a sway-bar and could be pressed 
against either pile as it was driven 
home. The machine was manu- 
factured complete for the cost of 
£ 100 . 

Each pile was prepared for being 
driven bv simply sharpening one end 
to a point, and squarely butting the 
other ; it was drawn” up by ropes 
worked by the engine, secured in po- 
sition between the leaders, and driven 
to the hard bottom. Generally 
the piles manifested no disposition to 
split: when they did, their heads 
were encompassed with an iron hoop. 
When the pile was not of sufficient 
length to reach the hard bottom, an- 
other was dowelled upon its head, 
and this was repeated as often as ne- 
cessary. The piles were charred, to 
increase their durability ; and an 
auger-hole, bored in their heads for 
the purpose, was filled with salt, and 
securely plugged up. 

Piling, in metallurgy, bars of puddled 
iron are placed one upon another — 
or piled — before tliey are placed in 
the reheating furnace, to be welded 
into merchant bars. 

‘The cut lengths of puddled bars 
arc packed into oblong rectangular 
masses or piles, which, as previously 
stated, are raised to a welding tem- 
perature in a reheating furnace, and 
then rolled into merchant bars, const!* 
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tuting what is termed “ No. 2 Iron,” 
or they may be rolled into any other 
desired forms. When necessary the 
pieces composing a pile are tied 
firmly together with thin rod iron.’ — 
Percy’s Jlctull/trgy, Iron and Steel. 

Pillar, a kind of irregular column, 
round and insulate, but deviating 
from the proportion of a just column. 
The term pillar is more usually ap- ! 
plied to Gothic architecture than to 
the Classical, the latter being go- ; 
veined by the rules of propoition : , 
not so with the Gothic pillar, it being ! 
subject to no fixed rules. 

Pillars ( monumental ), columns raided, 
for the commemoration of event*, 
a practice from remote antiquity. 

1 Jacob set a pillar upon her grave : 
that is the pillar of Rachel’s grave 

unto this day.* Gen. xxxv. 20). 

In ship-building , pieces fixed under 
the middle of the beams, to support 
the decks. 

Pillion, in metallurgy , the tin that I 
remains in the slags after it i» first 
melted. 

Pinacotheca, a picture gallery. The 
public gallery at Munich is called j 
the Finakothek. 

Pinchbeck, a yellow alloy, composed 
of 3 ounces of zinc to i pound of 
copper. 

Pindrill, a drill used for cutting a re- 
cess for a bolt-head, or for enlarging 
a hole. 

Pines and Firs are cone-bearing 
timber-trees which thrive best in 
cold climates : they are of great 
variety, and the general uses of the 
wood are innumerable, besides those 
for ships and house carpentry. Its 
use in England is most extensive : 
it is piineipally imported from 
America. Norway, the Baltic, Memd, 
Riga, Dantzic, etc. 

Pine, American yellow. Specific 
gravity, 0*46 ; weight of a cubic foot 
20^ lbs* ; weight of a bar 1 foot long 
and 1 inch square, 0*180 lb. ; will 
bear on a square inch without per- 
manent alteration, 3,900 lb*., and an 
extension in length of *1* ; weight j 
of modulus of elasticity tor a base of 
an inch square, 1,000.000 lbs. ; 
height of modulus of elasticity, 
8,700,000 feet ; modulus of resilience, 
9*4; specific resilience, 20 (Tred- 
gold). 

Compared with cast iron as unity, 
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its strength is 0*25 ; its extensibility, 
2*9 ; and its stiffness, 0*087. 

Pinion, in mechanics , an arbour or 
spindle, in the body of which are 
several notches, into which the teeth 
of a wheel catch, that serves to turn 
it round ; it is also the name of a 
lesser u lieel that plays in the teeth 
of a larger one. 

Pinite, a micaceous mineral. 

Pink, in navigation , a name given to 
a ship with a very narrow stern. 

Pinks (stil tie grains'), pigments of a 
green i-h -yellow colour, made of ve- 
getable juices precipitated on chalk 
or alumina. 

Pinnacle, an ornament placed on the 
top of a buttress as a termination to 
an angle or gable of a house, church, 
or tower ; also a summit or lofty 
apex. 

Pinning, inserting cylindrical pieces 
of wood or iron through a tenon. 

Pins, in ships, are fixed in the drum- 
heads of cap-tans, through the ends 
of the bars, to prevent their unship- 
ping ; sometimes put through the 
bolts to belay a rope, and called be- 
la\ ing pins ; and sometimes the 
main bolts are called bolt-pins. 

Pipe, a tube for the conveyance of 
water, gas or steam, of various 

dimensions and uses. In mining , 

a running vein, having a rock root 
and sole, common in Derbyshire, and 
called a pipe vein. 

Pipe-within-pipe oven, in metal - 
lurgy, an oven for heating the air 
for bla^t furnaces. ‘ The apparatus 
consists of two straight cast iron 
pipes circular in bore, fixed hori- 
zontally one above the other, each 
being inclosed within a distinct 
brick chamber, and with a fire-place 
under the lower pipe.’ — Percy. 

Pipe-clay, a natural deposit of an 
unctuous day, which burns white ; 
about 41.500 tons are shipped at 
Tcignmouth annually. Much of the 
Pool clay is of this character. 

Pipe-stone, a variety of day slate. 

Piscina. Plinv says the Romans 
adorned the walls ceilings and floors 
of their bath*. It was on the pi.-cma 
they be-towed the most art. In the 
baptisterium they dipped their whole 
body, and this was large enough to 
swim in : but when they were dis- 
posed to swim at large in warmer 
water, they entered the piscina, a 
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basin so called, as its size bore some 
resemblance to a pond. When the 
thermic were built, they were made 
to contain lakes of warm water: the 
water acquired its heat by passing 
through the tire ill a bra^s pipe, and 
must have been more or less hot 
according to the length of its pro- 
gress A ‘'hallow stone barin, or 

trough, with a hole in the bottom, 
formerly placed near to the altar in 
Roman Catholic char, he*, and tixul 
at a convenient height above the 
tloor, to hold the water in which the 
piiest warind his hands; also for 
riming the chalice at the time of 
the celebration of the mass. It was 
usually on the right-hand side, on 
the approach to the altar. 

Pis 9, a peculiar mode of forming 
buildings, particularly those for 
cottages and farming purposes, with 
some sort of still earthy materials 
of a loamy quality. The earth so 
collected, framed, is well rammed 
until the moisture is driven out, and 
usul to make the walls or sides of 
the building, imtead of bricks. It 
has been used with much economy 
and success on the Continent, and in 
some parts of England. 

Pisolite, the peastone — an oolitic 
stone. 

Pisoletic Iron Ore, an ore made up 
of small nodules like peas. 

Pistici, or Pastici, a term by which 
Italians di*dingui»h pictures which 
cannot be called either original or 
copies, being the works of some 
artists who have hail the skill to j 
imitate the manner of design and J 
colouring of other eminent masters; 
sometimes borrowing part of their 
pictures, sometimes imitating their 
touch, their style of invention, their 
colouring, and expression. Several 
painters, of considerable reputation 
for their own original performance, 
have made themselves remarkable in 
this way; but none of them mine 
than David Teniers, who so succe-v- 
fully counterfeited Giacopo Bas>an, 
as to deceive the most judicious, in 
many instance^, at first sight; though, 
upon a closer inspection, his light 
and easy pencil, and a predominant 
grey tint, which is observable in the 
colouring of that master, show a per- 
ceptible difference between his pencil 
and colouring, when they are care- 


fully examined and compared with 
Bassan’s. 

Piston, a movable air-tight division 
within the steam-cylinder, acted 
upon by the steam. Pistons are 
either metallic cr packed. Metal- 
lic pistons usually have segments of 
brass or cast-iron, called junk-rings, 
pressed outward by springs. Packed 
pistons are surrounded by well- 
greased hemp. 

Piston-rod, the rod fixed to the 
piston, to communicate its motion 
to the crank. 

Pitch, in building , the vertical angle 
of a roof, or the proportion between 
the heights and spans, as when the 
height is one-fonrth, one-third, or 
one-half of the breadth of the build- 
ing. If the height is one-half of the 
breadth, the inclination of the 
planes, forming the vertical angle, is 
a right angle. 

Pitch Blende, an ore of uranium, 

which see. 

Pitch Mineral, the same as bitumen 
and asphalt. 

Pitch Stone, a glassy trappean rock, 
often classed with obsidian. 

Pitching-piece, in staircasing, a ho- 
rizontal piece of timber having one of 
its ends wedged into the wall, at the 
top of a flight of steps, to support 
the upper ends of the rough strings. 

Pitch-wheel. When two toothed- 
wheils work together, the circles of 
contact are call* d the proportional 
circles or pitch circles. 

Pit-man, in mining, one employed to 
look after the lift of pumps and the 
drainage. 

Pit-work, in mining , the pumps and 
other apparatus of the engine shaft. 

Pivot, a stud or small pin on which 
anything turns. 

Pix, in church rituals , a little chest or 
box, in which the consecrated host 
is kept. 

Plain chart, in navigation , is a sea- 
chart, wheiein the meridian and 
parallels are straight parallel lines, 
as in Mercator's projection; con- 
st qiuntlv the degrees of longitude 
arc the same in all latitudes. 

Plain sailing, in navigation , the art 
of working a skip’s motion on a plain 
chart, which supposes the earth to 
be an extended plane, or flat, and 
not globular. 

Plan. The plan of a building may be 
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familiarly described as an architec- 
tural map ; therefore only those who 
c.iiinot comprehend a geographical 
or topographical map can be at any 
loss to undei-tand an architectural 
one, the latter being pnai-^ly of the 
same nature a-* the otheis, with this 
difference in it 5 ? favour, that it is 
much less conventional. To define it 
more exact lv, — apian is a horizontal 
section supposed to be taken on the 
level of the lloor through the solid 
parts of the fabric — walls, columns, 
etc., so as to show their vanoiis 
thicknesses and situations the di- 
mensions of the several spaces or 
rooms, the position of the doors by 
which they communicate with each 
other, and various paitieulars that 
cannot otlienv beexplaiiwd. Study- 
ing buildings without plans, is like 
studying geography without map*. 
A plan frequently costs the architect 
more study than all the rest of his 
design, and much mi-taken are those 
who suppose that convenience alone 
has chiefly to be con-hlrred. Con- 
venience is, of course, or ought to be, 
made a sine qua non ; yet it is not *o 
much a positive merit in itself, as 
the want of it is a positive def. ct. 
Mere convenience i- not an artistic 
quality: imm that to beauty of , 
plan, — to "t i iking combinations* and 
studied effect-, and varied play of 
airangemcnt. — the di-tance i- very 
great. A commonplace plan i- but 
a very dull, unintei e-ting affair: it 
is no" more than what uuv builder 
can aocompli-h ; but a plan lepletc 
with imagination, piquant play, and 
well-imagined conti.lsts, is no every- 
day matter. 

Planceer, the soffit or under-idoof the 
corona of a cornice, in Cla-.-ical archi- 
tecture. 

Plane, in surveying, a level surface 
parallel to thehoiizon. In cm gentry, 
an instrument by which the mu faces 
of bodies arc smoothed. 

Plane, inclined ; in mechanics , this 
resembles one half of a ■wedge that 
has been cut in two parts length- 
wi-e. 

Plane, in geometry , a plain level figure, 
or a sin face lying evenly within its 
boundary lines. 

Planeometry, the art of ascertaining 
the aiea or superficial contents of any 
& m face. 
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Plane tree, a genus of trees belong- 
ing to the sub-order Pittances. They 
are trees often of great size of whit h 
six varieties have been described. 
The wood of the plane tree is much 
it-i d by cabinet maker*. 

Planing Machine, an invention for 
diminishing the great labour of 
planing the surfaces of planks and 
burti <K of wood, anil for reducing the 
surface to a true and smooth lace, by 
mean- of plane-, or instillments of a 
similar nature, which aie actuated by 
the power ot the machinery instead 
of the strength of a man's arm. 

The invention of the 4 slide- rest/ 
which ha- effected such animpoitant 
improvement in cylindrical and coni- 
cal turning, has been of far supeiior 
advantage in its application to the 
planing of surfaces, as the planing 
machine i- but the slidc-reat applied 
to a traversing table. In planing ma- 
chines of the ordinary construction, 
the bed or basement frame has two 
angular ridges from end to end, one 
on each aide, which fit into corre- 
sponding angular grooves in a tra- 
ver-ing table. This table rests upon 
the ridge*, and is moved backwards 
and forwards by a screwrack-and- 
p nmn, or ch >in: its -urtace is accu- 
rately planed, and the work being 
fn-t tiled upon it partakes of its mo- 
tion. and is con-trained to move in 
a poitW tlv straight line. Over the 
tidver-ing table, .it the centre of the 
in:u lime, i- fixed a -lide-rc-t, which 
is held f.i-t by be.ng bolted to two 
upright standaids fixed to the bed, 
one on rath side. J he hoiizotital 
slide ha- another at light angle-5 to it, 
which -lives to hold the cutting-tool 
ami adju-t it to the wmk, -o a- to 
take a t ut more or 1 e--> deep, a- re- 
quired. To the long ‘-eiew of the 
lnni/oiital slide, meehani-m i- cou- 
nt cti-d w hit h ean-»-- it to advance the 
Veit nal -Iide and tool a very small 
distance ano-s the niaehinc, ju-t 
bi 'ore the commencement of each lor- 
v. anl movement of the table ; so that 
by a r< pea ted series of movements to 
and lio of the table, the tool is made 
to traverse the whole surface of the 
woik ; and thus, bv the perfectly 
bvil movement of the table in the 
one iliiection, and that of the slide 
in the other, a peifcctly plane suilueo 
i^> obtained. In some machines the 
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table is made to travel backward at a 
much faster rate than in the forward 
motion, so as to save time ; and 
in others, the cutting tool acts in 
both movements, by being turned at 
the end of each. 

Planish, to smooth, to polish by 
gentle hammering. 

Planisher, a thin flat-ended tool, used 
by tinners and braziers for smoothing 
tin plate and brass-work. 

Planisphere, in geometry , etc., a 
sphere projected on a plane; such 
are maps of the heavens or of the 
earth. 

Plank, a term applied to all superficial 
timber which is 4 inches thick and 
under, except 1-inch, and sometimes 
1^-inch, which come under the deno- 
mination of board. 

Plank-sheers, in ship-building, pieces 
of plank laid over the timber-heads 
on the quarter-deck, forecastle, and 
round-house. 

Plasm, in the arts , a mould ; a ma- 
trix in which anything is cast or 
formed. 

Plasma, a variety of chalcedony used 
formerly as a gem. Its colour is 
green, sprinkled with yellow or 
whiti-h spots. It is found amongst 
the ruins of Home, ami also in beds 
with common chalcedony. 

Plaster of Paris, in mineralogy and 
the arts , gypsum deprived of its 
water by burning, and reduced to 
a white powder, which is after- 
wards mixed with water. It serves 
many purposes in building, and 
is ii'Od likewise in sculpture, to 
mould and make statues ba^so-rc- 
lievo'J, and other decorations in ar- 
chitecture. It is dug out ot quanics 
in several parts of the neighbour- 
hood of Paris, wdienec it-? name. The 
finest is that of Montmartre. (See 
Gypsum .) 

Plastering, the art of covering the 
w’alls and ceiling*? of a house or other 
edifice with a composition, of which 
the groundwork is lime and hair 
mortar, tiuUhed with a coating of 
finer materials. 

Plastic Art, sculpture, the art of 
can ing, m wood or stone, representa- 
tions ot natural object*?. 

Plat, vi mining , ground appropiiated 
10 ore or dead*?. 

Plata Azul, the Mexican name for 
a rich ore of silver. 
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Plata verde, a native bromide of 
silver found in Mexico. 

Plat-band, a flat fascia, band, or 
string, whose proportion is less than 
its breadth ; the lintel of a door or 
window is sometimes so named. 

Plate, a term applied to horizontal 
timbers, placed on walls, etc., to re- 
ceive other timberwork : that at the 
top of a building immediately under 
the roof is a wall-plate ; those also 
wdiidi receive the ends of the joists 
of the floors above the ground-floor 
are called the same. 

Plate Glass, a very superior kind cf 
glass made in thick plates, and used 
tor mirrors and for windows. 

Plate-bending Machine. This in- 
vention was contrived for bending 
plates of metal into any required 
curve, and is particularly useful in 
the construction of boilers and the 
buckets of waterwheels: it consists of 
two side-frame*;, which carry three 
iron rollers and the spur-wheels and 
pinions necessary to communicate 
motion to two of them, one of which 
is placed immediately over the other, 
and can be raided and lowered by 
screw's to the thickness of the plate 
to be bent. The third roller is placed 
behind the first two, and it is the 
height of this roller, with respect to 
that of the other two, that determines 
the degree of curvature of the plate: 
it is therefore made capable of ad- 
justment by set-screws, and being 
placed to the proper height, and the 
machine set in motion, the plate is 
patted between the first two rollers, 
till, coming in contact with the third, 
it ri-ea upward and takes the form of 
a curve. 

Plate Metal, in metallurgy , white cast 
iron. 

Platinum is found in the metallic 
state alloyed with other metals. It 
i*. not so white a metal as silver, but 
is very malleable and ductile, either 
when hot or cold. It is now readily- 
melted by the oxvhvdrogen flame, 
or by a voltaic current. It is largely 
u-ed for making chemical utensils. 
(See Metals.) 

Platinum Yellow is, a3 its name 
implies a preparation from platinum, 
w hich affords a series of yellow pig- 
ments, the deep colours of which re- 
semble the Terra di Siena, but ate 
warmer in tone and richer in colour 
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and transparency, much resembling 
fine gall-stones, for which they arc 
valuable substitutes. They work 
well, and are permanent both in 
■water and oil, when carefully pre- 
pared; but any portion of pallidiiun 
in the metal from which they aie 
prepared neutralise* their colour and 
renders them useless. 

Play. (See Back-lash.') 

Plenum, in ancient physics , a term used 
to signify that state, in which every 
part or space of extension L supposed 
to be full of matter. It was used in 
opposition to vacuum. 

Plinth, a square member forming the 
lower division of the ba**c of a co- 
lumn, etc. ; also the plain projecting 
face at the bottom of a wall, im- 
mediately above the ground. In 
Gothic architecture the plinth is oc- 
casionally divided into two stages 
the tops of which are either splayed 
or finished with a hollow moulding, 
or -are covered by the base mould- 
ings. The square footing below 

the bases of Ionic and Corinthian 
columns. In Grecian architecture 
plinths do not appear to have been 
employed, the ba*es of the columns 
retting upon the upper step of the 
building. The Latin word plinth ns 
is derived from the Greek, signifying 
a tile. 

Plinthus, any rectangular parallelepi- 
ped ; a brick or tile. 

Hotting, among surveyors the art of 
describing or laying down on paper, 
etc., the several angles and lines 
of a tract of ground survey ed by a 
theodolite or like instrument, or a 
chain. 

Plot ting- sc ale, a mathematical in- 
strument used in plotting ground, 
usually of box-wood, sometime* of 
brass, ivory, or silver, either a foot 
or a foot and a half long, and about 
an inch and a half broad. 

Plug, in mining, a core used in blast- 
ing ; it is made of iron. 

Plug-rod, the air-pump rod of a 
Comidi engine. The tappets which 
give motion to the valve are fixed 
upon these rods. 

Plumb, in ship-building , signilies to 
be perpendicular. 

Plumbago, Black-lead, a form in 
which carbon is found in nature. It 
is used for making pencils, and it 
forms gray tints of greater perman- 
338 


ence and purity than mo?t blacks 
in general use, and it is now em- 
ployed for this purpose with ap- 
proved satisfaction by experienced 
artists. 

Plumber’s solder, equal parts of 
lead and tin. 

Plumb-line, in architecture , etc., a 
line perpendicular to the horizon, 
made by dropping a plummet. 

Plummer -block, a short carriage or 
support for a shaft to turn in, with 
a Hat base to holt on a fra ne. 

Plummet, in carpentry , navigation , 
etc., a weight ot lead hung on a 
string, by which depths are ascer- 
tained and perpendicularity dis- 
cerned. 

Plum-tree, a handsome wood, a 
native of Europe, used principally in 
turning, and iu Tunbridge works ; 
in the end way of the grain it re- 
sembles eheirv-trce. 

Plus, in algebra , a term commonly 
used for more, and denoted by the 
character +, as G + 10 = 10, in con- 
tradistinction to — , minus, less, as 
10 - 10 = 6 . 

Pluteus, the wall which was some* 
times made me of to close the inter- 
vals between the columns of a build- 
ing. and was either of stone or some 
material less durable. The latter 
method was adopted only in places 
uiuh r cover, whence that kind of 
building was called opus intestinum. 
The pluteus w r as also a kind of po- 
dium, intervening between any two 
orders of columns placed one above 
the other. The word is used in this 
seme in the description of the 
basilica and the scene of the theatre. 
The pluteus ha* been adopted between 
every two orders of columns in the 
exterior of all the theatres and am- 
phitheatres of the Kumans which are 
know n. 

Pluviometer, in the arts, a rain- 
gauge, an instrument to measure the 
quantity of rain that falls. 

Plyers, in mechanics, a kind of balance 
u-i-d in raising or letting down a 
drawbridge. 

Plying to windward, in navigation, 
the endeavouring to make apiogrcss 
against the wind. 

Pneumatics, the properties of air or 
fluid* ; a branch of hydrodynamics. 

Pnyx, a name given to a place near 
Athens, at which assemblies were 


POA 


POINT OP SIGHT. 


POXi 


held for oratory, and for the discus- 
sion of political affairs of the state ; 
the ancient place of the Athenian 
parliament. 

Poake, a name amongst peltmongers 
for the collected waste arising in the 
preparations of skins : it is used for 
manure. 

Podium, in Greek architecture , a 
continued pedestal, for suppoiting 
a row of columns, or serving for a 
parapet, or forming a sort of terrace, 
as the podium of a theatre or atn- 

E hitheatre. It consists of a plinth, 
ase, die, and corona, all which 
were continued without interruption 
around three sides of the building. 
The podium was also adopted in the 
scenes of theatres ; and here, instead 
©f being uninterrupted, it was fre- 
quently broken round the basis of 
the columns and formed what are 
commonly called pedestals. Vitruvius 
seems to consider the podium as 1 
a pedestal continued the whole 
length of a building, and to have 
been so called both when there were 
pillars placed on it, or only sup- 
ported by a wall. When pillars were 
placed on the sides of buildings, 
sometimes, instead of having the 
podium continued the whole length 
in one line, it was made to break 
fonvard under every pillar, which 
part so advancing was called the 
stylobate, and that which was be- 
twixt the pillars under the wall was 
the podium. 

Pointed or Christian Architec- 
ture had its rise about the twelfth 
century. Very many beautiful ex- 
amples exist in Kngland. It was 
aho employed in Germany. (See 
Architecture.) 

Point, in navigation, one of the 
thiity-two divisions into which 
the circumference of the horizon 
and the mariners compass are 
distinguished, each comprehending 

n° iry. 

Point of horse, in mining, the spot 
where the vein is divided by a mass 
of rock, into one or more branches. 
(S» e Ilorse,') 

Point of sight, a term used in per- 
spective to denote the principal 
vanishing point. In perspective all 
horizontal lines that arc parallel to 
the middle visual ray or line of sight 
converge to a point, and where they 
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meet the line of sight is called the 
point of sight. 

Poker-pictures, ‘ Imitations of 
pictures, or rather of bis ter- washed 
drawings, executed by singeing the 
surface of white wood with a heated 
poker, such as used in Italian irons. 
By thus charring it to different 
degrees of intensity, the various 
tints of a drawing are imitated. 
It was extensively patronised in 
the last century.* — Fairholt. 

Polacre, in navigation , a merchant 
vessel of the Mediterranean, having 
three pole-masts, without tops, 
caps, or cross-ti ees, with a bow- 
sprit of one piece. 

Polarisation. If a round hailstone 
drop upon the sloping roof of a 
liou^e, it will act, as regards its 
rebound, just in the same manner 
whether the slope be towards the 
north, south, ea^t, or w r est. But 
this will not be the case with an 
arrow' under the same circum- 
stances because it has a distinction 
of sides, and its behaviour will 
vary according as the plane of its 
barbs is parallel with the eaves or 
with the rafters of the roof, or in- 
( lined to both. A bullet in its 
flight from a gun has also sides to 
its motion (though not to its form), 
because it revolves on an axis, 
which may be vertical, horizontal, 
or inclined: but if shot from a 
rille, it has no such sides, because, 
though spinning on an axis, that 
axis has, by a particular contri- 
vance, been made to coincide with 
its line of motion, so that it pre- 
sents the same aspect above, below, 
or on either side. Now if these 
projectiles W'cre too small or twe 
rapid for us to discover the reason 
of these differences, we might still 
observe the differences themselves, 
and should express them by saying 
that the motion of the arrow or 
the gun-bullet possessed polarity, 
or polarisation, which wras not the 
Case with that of the hailstone or 
the ride-bullet. Polarity, then, 
means dimply a difference of sides. 

That a ray of light should (in 
some ca-c>) possess this property 
is not perhaps so wonderful or un- 
expected as that man should have 
been able to detect a fact so refined 
and remote from common ob&erva- 
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tion, and even to distinguish dif- 
ferent varieties of it, and investi- 
gate its laws. The polarisation of 
light is difficult of explanation. Let 
it be supposed that a ray of sunlight 
moves with two motions, one in a 
vertical plane and the other in a 
horizontal plane. Now if that ordi- 
nary ray fall upon a plate of glass 
at a particular angle, one wave will 
pass through it, the other will be 
reflected, and both will have become 
polarised, possessing properties dif- 
ferent fiom the oiiginal ray. 

Poldway, coarse sacking for coal- 
sacks, etc. 

Pole -masts, in navigation , are those 
made of single trees or spars, in 
contradistinction to those made of 
several pieces. 

Pole -plate, a small wall-plate used in 
roofs to receive the pitch of the 
rafter=. 

Polishing stone, a slaty substance 
much used by jewellers and clock- 
makers for polishing tlieir small work. 
There are three kinds, the blue, giav, 
and Bohemian. 

Polling, in mining , strong pieces of 
timber used for supporting the earth 
where it is being worked out, and in 
sinking shafts. 

Polroz, in mining, the pit underneath 
a waterwheel. 

Polychromy is the art and practice 
of painting in positive colours, 
either on flat surfaces or sculp- 
tured forms, and has bren referred 
for its origin to other than [esthe- 
tic motives. The object of polv- 
ehromv is to heighten the effect of 
architectural decoration, either by 
causing a more just subordination 
of the various parts than can be 
obtained by mere chiaroscuro, or 
in supplying deficiencies that could 
not be so well filled up by any 
other mcan^. Professor Cockertli, 
who travelled and learned much 
in Greece, was the first -who 
biought it to light in this coun- 
try. This very interesting deco- 
rative art hail its origin doubtless 
in Egypt ; but the Greeks excelled, 
as in all art, by the existing evi- 
dence of tiie temples of their per- 
fection of architectural art. The 
interior decorations of Pompeii are 
aLo evidences of a refinement of 
taste, and in Gothic polychromy 


the designers and operatives have 
shown some talent. A free and 
bold style in arabesque prevailed 
from the time of Henry III. until 
the close of the reign of Edward 
III. Bright and lively colours 
were applied to masses, and the 
grounds covered with compositions 
of foliage and birds, animals and 
human figures; sometimes in one 
tint, sometimes in varied colours. 
Many beautiful examples still exist 
in our cathedrals and some parish 
churches. 

Polyfoil, an ornament formed by a 
moulding disposed in a number of 
segments of circles. 

Poly style, having a number of co- 
lumns. Where columns occur be- 
hind columns, as where a portico 
has inner columns, like that of the 
Royal Exchange, such portico may 
be termed poly style. 

Pomel, a boss or knob used as an or- 
namental top of a conical or dome- 
shaped roof of a turret, etc. A 
large copper ball or pomel is on 
the summit of a timber spire of 
Lincoln cathedral. 

Pons (Latin), a bridge. The most 
ancient bridge upon record is the 
one erected by Nitoeris over the 
Euphrates at Babylon. 

Pontoon, a hollow vessel of timber or 
metal, which can be sunk or raised 
by letting water into it or by pump- 
ing it out. The pontoon is often 
applied to the entrance of a dock, or 
the mouth of a canal. 

Poon wood, of Singapore, is of a light 
porous texture, and light grayish 
cedar colour ; it is used in ship- 
building for planks, and makes ex- 
cellent spars. The Calcutta poon 
is preferred. 

Poplar wood. There are five specie3 
common to England, of which the 
ahele, or great white popla*, and the 
Lombardy poplar, are meat used. 
The woods are soft, light, easy to 
work, suited for carving, common 
turnery, etc. 

Poppets, perpendicular pieces that 
are fixed on the fore and aftermost 
parts of the bulgeways, to support 
the ship while being launched. 

Poppet-head, that part of a lathe 
which holds the back centre, and 
can be fixed on any part of the 
bed. 
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Poppy -he ad, in architecture, a carved 
ornament at the apex of a standard 
or open seats in Gothic churches, 
also carved into an ornamental 
finial, pomel, or crest, etc. 

Porcelain, a line ti an s parent earthen- 
ware ; in the manufacture silex is 
the principal substance. It was fiist I 
made in China, and is supposed to 
have reached perfection there about 
.A.D. 1000, but w as not introduced 
into Europe until the beginning of 
the sixteenth century. 

Porcelain clay, or Earth, in miner - I 
alogy , a substance of great inlusi- ! 
bility, supposed by some geologists 
to have been derived from ft 1» par I 
■which has undergone decomposi- I 
tion. 

Porcelanous shells. There are some I 
shells, such as whelks, limpets, and | 
cowries, whose inner coating re- 
sembles porcelain, and these are ' 
called porcelanous. 

Porch, in architecture , a roof sup- 
ported on pillars before a door ; a 
kind of vestibule supported by pil- 
lars. Any small portico consider- 
ably lower than the main structure 
to which it is attached may be so 
termed, in contradhtinction from 
one carried up the height of the 
building, or as high as the principal 
cornice. Porches were used in Nor- 
man architecture, in Early English, 
and commonly in subsequent dates. 
When the fashion of building houses 
on quadrangular plans was discon- 
tinued, a porch of at least two 

li stories, aDd sometimes the whole 
height of the building, succeeded 
the gate-house. Low porches had 
been used as entrances from inner 
courts from an early date ; and of 
the time of Henry VIII. one may 
be mentioned at Cowdry, attached to 
the door leading from the court to 
the hall. 

Pores, small interstices between the 
solid particles of bodies. 

Porisms, in geometry , a name applied 
by the ancients to certain compre- 
hensive and indefinite problems. 

Pornography, a name given to the 
licentious paintings, used to orna- 
ment the walls of temples dedicated 
to the worship of Bacchus ; some ex- 
amples of this style of painting exist 
in Pompeii. 

Porphyry, an extremely hard stone, 


susceptible of a very high polish. 
Its colour is purple of every {-hade, 
and white. It was used by the an- 
cients for statuary. Geologists use 
the term porphyry to signify any 
rock in which crystals are imbedded 
in an earthy or compact base. 

Porphyry, red. Specific gravity, 
2’871 ; weight of a cubic foot, 170 
lb*. ; is crushed by a force of 85,568 
lbs. upon a square inch. (Gauthey.) 

Porporino, a yellow metallic powder, 
used in the middle ages — by artists 
who studied economy — in the place 
of gold ; it consisted of a mixture of 
tin, quicksilver, and sulphur. 

Port, in navigation, the larboard or 
lett side of a ship ; as ‘ a-keel to 
port’ is an inclination to the lar- 
board side. 

Ports, the holes in the ship to run the 
guns out. 

Port-lids, shutters to the ports. 

Ports and buildings constructed 
in water. Vitruvius writes: ‘The 
opportunity which presents itself of 
giving some account of ports, and by 
what nuans protection may be af- 
forded to ships from the elements, 
ought not to be neglected. The 
portions best adapted by nature to 
such a purpose are bays with capes 
and promontories at their extremi- 
ties, from which the shore recedes 
inwardly in a curved line. Upon 
shores of this description, docks may 
be built or porticoes erected, or a 
channel cut from the port to the 
emporium, defended by towers on 
each side, in which machines may 
be constructed for throwing booms 
across the passage. If, however, 
no situation can be found capable by 
its formation of protecting vessels 
against the violence of the sea, we 
must search for a spot where a pro- 
montory presents itself on one side, 
and where no river discharges itself 
so as to oppose its application to the 
purposes of a harbour, and supply 
the want of a corresponding projec- 
tion on the other by building walls 
and buttresses. The walls, which it 
becomes necessary in this case to 
construct in the water, may be thus 
formed: sand should first be pro- 
cured from that part of the coast 
lying between Carnac and the pro- 
montory of Minerva, and mixed, 
with lime in the proportion of two 
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parts to one ; then rows of grooved 
beams must be driven in the water, 
connected by oaken planks, and 
bound together by chains. The sur- 
face of the ground below the water, 
on which the wall is to be laised, 
must then be made even by means 
of transtilli, and the space compre- 
hended between the beams tilled 
with a composition consisting of 
rough stone and cement, made in 
the manner just described. Such is I 
the quality of the sand produced in I 
these spots, that the composition be- ; 
comes a solid wall/ 

Port tile helm. In navigation, this 
phrase diiects a ship’s course further 
to the right, or starboard, by putting 
the helm to larboard. 

Porta ( Latin ), the gate of a city, 
citadel, or other open space, enclosed 
by a wall, in contradistinction to 
janna, which was the door or en- 
trance to any covered building. 

Portal, the arch over a door or gate- 
way ; an entrance limb r cover. 

Portcullis, a strong defensive frame- 
work of timber, hung in gi coves 
within the chief gateway of a for- 
tress, or a cattle, or an edifice of 
safety : it resembles the hairow, but 
is placed vertically, having a row of 
iron spikes at the* bottom, and is L t 
down to stop the passage in case of 
assault. 

Porter bar, in metallurgy, the iron 
bar which is welded to the puddled 
ball, and by which it is moved 
from the puddling furnace. (See 
Bloom.') 

Portico, in architecture, a covered 
walk supported by columns and 
usually vaulted ; a piazza or aiched 
pathway. (For the different plans 
and denominations of porti< oes see 
‘ Rudimentary Architecture/ l*art 

i-) 

Porticus {Latin), a walk covered 
with a roof which is supported by 
columns. A portico was either at- 
tached to temples and public build- 
ings, or it was built independent 
of any other edifice. 

Porticus (deinde). In the houses 
of the Roman citizen*, between the 
atrium (hall, or servants’ room) and 
the inner court, there was usually a 
room called the tahlinum (corridor), 
mentioned by Vitruvius. This por- 
ticus lay betwixt the atrium and 
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the cavredium. The reason for his 
giving it this round form may be 
upon tw'O accounts : first, to give a 
greater grace to its projection, and 
to make the fore-part of it serve for 
a more beautiful vestibulum to the 
house ; and in the next place, as 
being designed for a shelter in tem- 
pestuous weather, it the better broke 
the force of those winds that blew on 
that side than if it had been more 
square. 

Porticus. By the Romans this was 
a common name given to all build- 
ings that had walks under the cover 
of a roof or ceiling, supported by 
pillars or pilasters, though differ- 
ently called, according to the dispo- 
sition of the pillars : when placed on 
the outside of a building, as round 
some of their temples, it "was called 
pen pic/ turn ; when these ranges of 
pillars were within a room, as they 
were sometimes in their triclinia, 
basilica, atria . and temples, the void 
space betwixt the pillars and the side 
walls was called ala; but when 
pillars surrounded courts, and lmd 
walk* betwixt them and the walls, 
tlie^e ranges of pillars were called 
perhtylia, and the walk betwixt was 
called a porticus. 

Portland stone, an oolitic limestone, 
of a dull whitish colour, heavy and 
moderately hard, and somewhat flat 
texture, and composed of rounded 
grit, cemented together by silica, 
and intermixed with numerous finely 
divided siliceous particles. The grit 
splits in the cutting of the stone, so 
that it is capable of being brought 
to a surface very smooth and equal. 
It lias been and is much used for all 
kinds of buildings, particularly in the 
large structures in London : it is 
In ought from the island of Portland 
in Dorsetshire. 

Post, an upright timber in a build- 
ing ; those used in modern roofs are 
called king-posts or queen-posts, ac- 
cording to their number and posi- 
tion. A term used in the north of 

England to denote a bed of Ann 
lotk. 

Post Meridian (P.M.), after mid- 
day, alter the sun has passed the 
meridian. 

Postern, a small doorway or gateway 
at the back of a building ; a small 
doorway for private communication 
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with the exterior of a castle or for- 
tress. 

Postique, in architecture , an orna- 
ment of sculpture superadded when 
the original plan has been com- 
pleted. 

Potash, Potass, or Potassa, one of 
the well-known alkalies. It is an 
oxide of potassium. 

Potassium. This metal is the base of 
the alkali, potash. It was dUcovered 
by Sir II. Davy in 1S07. It has the 
colour and lustre of silver, and is so 
soft that at the common temperature 
it may be easily cut with a knife ; 
when thrown upon water it takes 
hie. 

Pot-metal, a species of staiued gla«, 
the colours of which are incorpo- 
rated within the glass while in a 
state of fusion ; aUo an inferior 
quality of brass used for casting 
cocks, etc. 

Pot-stone, a magnesian mineral, a 
coarse variety of steatite or soap- 
stone. Being very soft when first 
raised, it is easily turned in a lathe, 
and is frequently made into culinary 
vessels. It hardens by exposure. 

Potter’s Ore, picked *luinjs of the 
sulphide of lead, used in glazing 
potteiv. 

Potter’s Clay, a tcnaccous clay like 
that of Dorsetshire, called * Pool 
Clay,’ used in the potteries. 

Pottery, a name given to all eartlun- 
W'are except porcelain, from which it 
is di-di ns uislied by being opaque or 
translucid. 

Poudrette, a French word, signifying 
powdered dung ; but the woid is 
applied, when treating of human 
excrement, in its meaning to the 
solid matter after the liquid 
manure has di-' charged itself. In 
a vine-growing district near Pails 
(see ai tide losses d'aisa tires') puu- 
drette w r as used for manure, and, 
although the application of it pro- 
duced a great abundance of fruit, 
yet the wune proved very inferior 
to that which had been previously 
made on the same ground rendered 
fertile by other manures. 

Pounced, ornamented with a series 
of dots all over the surface. 

Power, in mechanics : this denotes a 
force which, being applied to a ma- 
chine, tends to produce motion. 

Power, horse, in mechanics, an ex- 


pression used to denote the power of 
a machine, that is to say, how many 
horses’ work it represents. The 
theoretical horse-pow r er adopted by 
James Watt is Bo, 000 lbs. lifted 1 
foot high per minute. For metrical 
units 7.3 kilogrammes lifted 1 metre 
per second is adopted, which is some- 
what smaller. 

Power-loom, <» mechanics , a loom 
moved by the mechanical force of 
steam, wind, water, etc., as contra- 
dict inguisshed from the hand-loom. 

Poyntell, paving farmed into small 
lozenges or squares laid diagonally. 

Praecinctiones, the passages or cor- 
ridors which separated the several 
ranges of seats in an ancient Roman 
theatre. 

Pre-Raphaelites, a school of modern 
artiste w ho adopt the style of painters 
who flourished before the time of 
Raphael ; their theory is a rigid ad- 
herence to natural forms. 

Precious Opal. (See Opal.') 

Precious Stones. Gems are so 
called ; as the Diamond, Emerald, 
Sapphire, etc. 

Precipitate, Bed, red oxide of 
mercury. 

Precipitate, White, anammoniacal 
chloride of mercury. 

Predella, Gradino, the step on the 
top of the altar which forms the 
base of the altar-piece. 

Premier Coup, Alla Prima, 
Prim a Painting, a method of oil- 
painting in which the colours are 
applied at once to the canvas with- 
out retouching or over painting. ‘It 
requires such a thorough knowledge 
of the relative qualities and proper- 
ties of colour, and of the peculiar 
effects of under and over painting 
with opposite colours,’ that it is not 
gcnci.tlly practised. 

Pressure of fluids consists of two 
kinds, elastic and non-elastic. The 
fn st is comprehended in the science 
of pneumatics, the second in that of 
hydrostatics. Both classes of fluids 
deviate from solid substances in their 
greater distribution of any pressure 
to which they may be subjected. 
Thus solid bodies press downwards 
only by the force of gravity ; all 
fluids, on the contrary, press not 
only in this direction, but upwards, 
sideways, and every way equally. 
The incompressibility of water 
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renders it serviceable by this princi- 
ple, in the hydrostatic press. 

Preventer bolts, those which are 
driven at the lower end of the pre- 
venter plates, to assist the strain of 
the chain-bolts. 

Preventer plates, in ships , plates of 
iron below the links of the chains. 

Pricker, in mining, a thill piece of 
iron, used to make a hole for the fusee 
or match to fire a blast. 

Prill, the globule of metal produced 
in the assay of an ore. 

Priming, the effect engendered by 
having too little steam room in the 
boiler of a steam-engine. Minute 
particles of water being carried into 
the cylinder, collect in a body, which 
obstructs the passage of the piston, 
and causes a considerable loss of 
power. In art , covering the can- 

vas with a preparation which ren- 
ders it fit for the reception of the 
pigments which are to be afterwards 
applied. 

Prince’s metal, in metallurgy, an 
alloy of copper, in imitation of silver, 
in which the proportion of zinc is 
greater than in brass. 

Prince’s wood is sent from Jamaica ; 
it is something like West India satin- 
wood, but a darker colour. 

Principal brace, a In are immediately 
under the principal rafters or j ..ial- 
lel to them, in a state of compies- 
sion, assisting with the principals 
to support the timbers of a roof: 
they are employed in the present 
roof of St. Paul’s church, Covent 
Garden. 

Priory, a monastic establishment for 
the devotional requirements and 
maintenance of a religious fraternity, 
under tne government of a prior. 
Many priories were formerly scat- 
tered over Britain. 

Prism, in geometry , a body or solid 
whose two-thirds are any plane 
figures which are parallel, equal, and 
similar, and its sides parallelograms. 

In optics, a triangular bar of 

gkus, well known from the effect it 
produces on a ray of light transmit- 
ted through it : tills effect is a de- 
composition of the light into its 
component parts, consisting of the 
three primary colours and the secon- 
dary tints arising froip their inter- 
mixture, which together form what 
is termed the solar spectrum. The 


lensic prism is a new optical glass, 
in which the powers of the lens and 
prhm are combined. 

Prison, an edifice, unfortunately 
mostly of large dimensions, for the 
confinement of persons warring 
against society. 

Prize-wood comes from the Brazils. 
It is reddi.-h in colour, and appears 
to be of the coc us-wood kind. 

Profile, the outline of a series of 
mouldings, or of any other parts, as 
shown by a section through them. 

Profile of an Order, in architecture , 
an assemblage and arrangement of 
essential and subsen ient parts. That 
profile is preferable w herein the parts 
are few, varied, and fitly applied. 
Some member should predominate in 
each division, which it should appear 
the office of the other parts to fortify, 
support, or shelter. In a cornice the 
corona is supported by modillions, 
dentils, ovolo=, etc., and sheltered 
and covered from the effects of the 
weather by its cvma or cavetto. 

Projectile, in mechanics , a body put 
in motion by an external force. 

Projectiles, in mechanics , that 
bunch which considers the mass, 
velocity, range, etc., of a heavy body 
projected into void space by an ex* 
ternal force, and then It ft to the free 
ac tion of gravity. 

Projection, in geometry , drawing, etc., 
a plan or delineation ; in chemistry , 
the crisis of an operation. 

Projecture, in architecture , the out- 
jutting or prominence which the 
moulding and members have beyond 
the plane of a wall or column. 

Prolate, in get metry, an epithet ap- 
plied to a spheroid produced by the 
revolution of a semi-ellipsis about its 
long diameter, 

Pronaos, the area immediately before 
a temple. The term is of ten used for 
the portico in front of a building. 
The porticus in one front corresponds 
to the pionaos in the other: in some 
temples, the cclla was enter3d 
through both. The generality of 
Grecian temples had two approaches. 

Proportion, in architecture , the mag- 
nitude of one part as compared with 
some other. The term * proportion f 
is u^ed absolutely in the sense of 
‘good proportion,* although every- 
thing that has shape has proportions 
of some kind or other. The subject 
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of proportion lias been greatly mysti- 
fied by writers, who have laid down 
certain fixed proportions as the best 
of all on every occasion, and as the 
ne plus ultra of artistic taste. Blit 
fixed proportions can be followed 
mechanically by even' one alike ; 
whereas it requires ability to deviate 
successfully from routine measure- 
ment, and apply the poco piit or the 
poco meno as the particular occasion 
or the particular effect aimed at may 
require — at least, justify. It is the 
eye that takes cognisance of propor- 
tions ; and the architect's own eye 
ought to be quite as correct as that 

of other people. That branch of 

mathematical science which defines 
the ratio of numbers or quantities to 
each other. 

Proportions of rooms should be 
suited to the purposes for which they 
arc used ; all figures, from the square 
to one and a half the breadth of the 
room, may be employed for the plan. 
Some have extended the plan to a 
double square. Galleries may be 
from five to eight times their breadth. 
The height, if with flat ceilings, is j 
not required to be so great as in 
. those that are covered. The height 
of square apartments should not ex- 
ceed five-sixths the side of the square, 
nor be less than four-fifths ; but in 
rooms that are oblong, the height 
ought to be equal to the breadth. 
The height of square rooms that are 
covered should be equal to one of the 
sides of the square; blit coveted 
oblong rooms require a height equal 
to the breadth, added to one-fifth, 
one-quarter, or, at most, one-third, 
of the difference between their length 
and breadth. The height of galleries 
should be from one and three-fifths, 
at most, to one and one-third at least, 
of their breadth. Cornices and 
dressings in the interior of houses are 
always to be kept more delicate than 
those on the outside. 

Propylsea: the entrance to a Greek 
temple, a sacred enclosure, consisted 
of a gateway flanked by buildings, 
whence the plural of the word. The 
Egyptian temples generally had 
magnificent propvlsea, consisting of 
a pair of oblong truncated pyramids 
of solid masonry, the faces of which 
were sculptured with hieroglyphics. 
Th® word, however, is general] v used 


to signify the entrance to the Acro- 
polis of Athens, which was the last 
completed of the great works of 
architecture executed under the 
ml ministration of Pericles. Pausa- 
nias relates that ‘ there is onty- one 
entrance to the Acropolis, it being in 
every remaining part of its circuit a 
precipice, and fortified with strong 
walls. This entrance was fronted 
by a magnificent building, called the 
propvlsea, covered with roofs of 
white marble, which surpassed for 
beauty, and the dimensions of the 
marble, all that he had before seen.* 
The building was commenced during 
the administration of Pericles, and 
finished in five years, Mnesicles being 
the architect, at the expense of 
2,012 talents, or neatly £464,000 
sterling. There were five gates to 
the propvlsea, and before it stood two 
lotty piets, on each of which was 
placed an equestrian statue, supposed 
to be the sons ot‘ Xenophon, On the 
t ight of the propvlsea was the temple 
of Victory without wings, whence is 
a piospect of the sea ; and from this 
place it was said that AEgeus threw 
himself down headlong, and died. 
On the left of the propvlsea was an 
edifice adorned with paintings, the 
work of Polygnotus, of which, says 
Panamas, though some were effaced 
by time, there still remained those of 
Diomedes and Ulysses, the one bear- 
ing off the bow r and arrow's ot 
Philoctetes from Lemnos, the other, 
the Palladium from Troy. There 
were those also of Orestes slaying 
AZgisthus, and Pylades encountering 
the sons of Xauplius, who had come 
to succour AEgisthus ; Polynexa, at 
the sepulchre of Achilles, about to 
be sacrificed, and Ulysses addressing 
himself to Nausicaa and her maidens, 
as described by Homer. Several 
other pictures in the same place are 
described by Pausanias. These three 
contiguous buildings originally 
formed one front, occupying the 
whole breadth of the rock from side 
to side, at its western end, so that 
the only admission into the acropolis 
w’as through the middle building, the 
five gates of which are still remain- 
ing, and prove it to have been the 
propylcea. It may be supposed that 
the Hermes Propykeus was here 
placed, and pcibaps the Graces, & 
345 
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ipiece of sculpture by the hand of 
Socrates, in which that celebrated 
philosopher, deviating from the prac- 
tice of the sculptors who preceded 
him, had represented them not naked 
but clothed. Other sculptors are aho 
mentioned by Pausanias who seem to 
have decorated this stately entrance. 

Propylene, a gas obtained among the 
products of the decomposition of 
amylic alcohol. 

Proscenium, the area in front of the 
scene of a theatre, which u as per- 
ceived when the pulp! turn was re- 
moved, and when it is probable the 
temporary scenes were taken away 
in order to exhibit the front of the 
permanent scene. 

Prostyle, a temple which has a por- 
tico in one front, consisting of in- 
sulated columns with their entabla- 
tures and fa*tigium. 'When the 
temple had a portico in both fronts, 
it was termed am plii-prostylc, or 
prostyle in all parts. 

Protogene, a term used by French 
geologists to denote a granite com- 
posed of felspar, quartz, and talc : it 
forms the summit of Mont Blanc, the 
highest mountain in Europe. 

Protractor, in surveying and trigo- 
nometry, an instrument by winch 
angles taken in the held with a 
theodolite-circumferentor are repre- 
sented on paper. 

Prow, in nauyution, the head or fore- 
part of a ship, in opposition to the 
poop or stern. 

Prussian Blue, otherwise called 
Berlin blue, Paiidan blue. It is a 
prussiate of iron, cyanide of iron, or 
per-ferrocyanate of iron, produced 
by the combination of piu^ic or 
hydro-cyanic acid and iron. It is of 
a deep and powerful blue colour, of 
vast body and considerable transpa- 
rency, and forms tints of much beauty 
with white lead. 

Prussian Brown is a preparation 
from Prussian blue in which the blue 
colouring principle lias been changed 
by fire, or by au alkaline ley : it is 
an orange-brown, of the nature and 
properties of Siena earth, and dries 
well in oil. 

Prussian Green. The pigment cele- 
brated under this name i* an im- 
perfect prussiate of iron, or Prussian 
blue, in which the yellow oxide of 
iron superabounds, or to which yel- 
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low tincture of French berries ha* 
been added, but is not in any respect 
superior as a pigment to the com- 
pounds of Prussian blue and yellow 
ochre. A better sort of Prussian 
green is formed by precipitating the 
pru^iate of potash with nitrate of 
cobalt. 

Prussiate of Copper differs chemi- 
cally from Prussian blue only in 
ha\ing copper instead of iron for its 
ba«is. It varies in colour from russet 
to brown, is transparent and deep, 
but being very liable to change in 
colour by the action of light or by 
other pigments, it has been very 
little employed by artists. 

Pryan, in mining, that which is pro- 
ductive of ore, but does not break 
in large stones, but only in pebbles 
with a mixture of clay. 

Psammites, an assemblage of the 
grains of quartz, schi&t, felspar, and 
mica agglutinated by a variable 
cement. 

Pseudisodomon, walls filled in be- 
tween the bond-stones or stretchers 
with rubble or small stones bedded 
in moitar, with course of unequal 
height. 

Pseudo-dipteral, a temple which 
lias a single range of columns in the 
flank*, at the same distance from 
the walls of the cella as though the 
temple had been dipteral. 

Psilomelane, an ore of manganese. 

Pteroma, the spaces between the 
walls of the cella of a temple and 
the columns of a peristyle ; called 
al*o nmhulutio. 

Puddling, in metallurgy , the process 
of con vei ting pig-iron into malleable 
iron, through the dccarburizing ac- 
tion of the iron circulating through 
a reverberatory furnace. This is 
e flee ted by stirring molten pig-iion 
about in such a furnace. 

4 The application of heat by means 
of flame to pig-iron on the bed of a 
1 everberatorv furnace.’ — Percy. 

Puddling mine, in metallurgy , an 
iron ore used in the' puddling fur- 
nace. It is a black baud from 
Noi th Staffordshire, which calcined 
becomes red and is called red mine. 

Pulley, one of the six mechanical 
powers. The pulley is a small 
wheel turning on an axis, with a 
rope or chain passing over it. The 
circumference is generally grooved 
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to receive the rope, which is at- 
tached on the one end to the moving 
power, and on the other to the re- 
sisting force. Pulleys are of two 
kinds — fixed and movable. The 
fixed pulley gives no mechanical 
advantage, but is of great utility m 
altering the direction in which it 
may be applied. The movable, on 
the contrary, doubles the power, 
which may be increased in any ratio 
by adding to the number of pulleys. 
In a combination of pulleys, the 
advantage, ho we vei , is gieatly dimi- 
nished by the faction of the axles 
and of the ropes. Too complex a 
combination therefore would not be 
of sen ice, as the iiiction would be 
increase! without a proportional 
advantage, and from the complexity 
of the machine lvould be more liable 
to be put out of order. 

Pulpit, an elevated stage or desk from 
which sermons are delivered. 

Pulpitum, the wooden stage of the 
tlnatrc upon which the mimic as | 
well as dramatic exhibitions of the 
Itomaus were ropicsuited. In the 
Greek tlnatre, the pulpitum Mas 
used only by the histnone*, or per- 
formers m the drama, and was prob- 
ably icmoved before the amusements 
of the orchestra were exhibited. 

Pulvmated. A frieze w hose face is 
com ex instead of plain is said to be 
pulvinated, fium its supposed le- 
semblance to the side of a cushion, 
which swells out when pressed upon. 

Pumice stone, a variety ot lava 
found only in vulcanic districts. It 
is a very light fibrous and porous 
substance ot an ashy gray colour. 
Its extreme roughness makes it very 
useful, especially for polishing cut 
glass. It is supposed to be produced 
by the action ot the gas« s on ma- 
terials melted by volcanic heat. 

Pump, an engine fur raising- liquid*, 
made in various terms, ot more or 
less complexity of parts and efiec- 
theness of action, depending in its 
simplest form upon the external 
pressure of the air on the surface of 
the water, and in other forms deriv- 
ing its power from the abstraction 
of the air within the tube or barrel. 
The simplest fi»rm of pump is that 
of the common lift-pump, which con- 
sists of a straight tube with two 
valves, one of which is fitted to the 


lower end of the tube, and the other 
is made to slide air-tight in the 
cavity of the tube or barrel. Both 
of these valves are adapted to open 
upwards only, and thus the water is 
admitted and lifted from the lower 
part cf the tube to the discharge 
aperture above. This pump acts by 
the pressure of the atmosphere upon 
the external body of water from 
which the supply is raised, but by 
the forcing-pump water may be 
raised above the level to which it is 
dmen by tlie piessure of the atmo- 
sphere. The loreing-pump consists 
of a bai rel fitted with a solid piston 
or forcer, the bairel being also pro- 
vided with a branch forcing-pipe. 
The lower part of the barrel and the 
branch-pipe are each fitted with a 
valve opening upwards, and by re- 
peated strokes of the piston, the 
pics'-uic of the air from above being , A 
removed the fluid is brought up to 
till the space bctw'ei n the two valves, 
and being prevented from returning 
by the lower valve, it passes through 
the upper valve of the branch-pipe 
into a capacious upper vessel, and 
there accumulating, may be ejected 
in a constant instead ot intermittent 
stream. The lift-pump, being simple 
and economical in constiuction, is 
"'ell fitted lor extensive works in 
whi'-h the quantity of water to be 
r.d-ed is considerable, and is there- 
toie u-ually employed in works for 
supplying water tor towns. The 
pumps used at the Metropolitan and 
other wateiwoiks are of great size, 
and deliver immense volumes of 
water at each stioke. Those used 
at Ilaarlem are Go inches in diameter, 
and the pistons have a stroke of ten 
feet in length. Bach pump delivers 
0 tons of water at each stroke, 
rumps of this magnitude are worked 
bv water or sttam power. Those at 
lla a rlem, eleven in number, aio 
worked simultaneously by a steam- 
engine, having two steam-c)lin- 
dtrs, one within the other, the 
larger being 12 and the smaller 7 
feet in diameter, with a stroke 
of 10 feet. (Sec Forcing Pump.) 

Mr. Appold’s centrifugal pump 

for draining marshes, and for other 
purposes, will discharge 10 gallons 
ot water per minute, and is only 1 
inch diameter : one of the same 
3d7 
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shape, 12 inches diameter, will dh- 
ch.irge at the same speed of the 
outside circumference, or tS the num- 
ber of revolutions, 1,410 gallons per 
minute, being according to the square 
of the diameter, and not according to 
the cubic contents. From vaiious 
experiment*, it lias been found that 
the larger model with the curved 
vanes docs the mod duty, on account 
of its receiving and delivering the 
water more obliquely: it will dis- 
charge 1,800 gallons per minute, 
with 007 revolutions, but does the 
most duty at 535 revolution*, dis- 
chaiging 1,400 gallons; therefore, if 
a pump 1 inch diameter rai^e 10 
gallons, and another 1 foot dia- 
meter 1,440 gallons, it follows that 
one 

gals, per min. 

10 feet diameter, of the 

best shape, will pump 140.000 
20 ditto, ditto . . . 500, oQ0 

40 ditto, ditto . . . 2,210,000 

To do the above duty, the circum- 
ference of the 20-feet pump would be 
required to travel 500 yards per 
minute, whi< -h would be only 53£ le- 
volutions, and the 10-lcet 26*. 


From the results of various expe- 
riments, it has been found that the 
loss ol power would not be more than 
25 per cent. It will be observed, 
the centrifugal force is not so much 
in the large diameter, on account of 
the water moving more in a straight 
line ; but that is compensated for by 
the force being applied to a greater 
depth of water, being 10 feet in 
the 40- feet, and only 3 inches in the 
1-foot. 

ft. high. 

159 revolution*, with the 1-foot, 
will raise the water, without 


discharging any, .... 1 

318 revolutions 4 

G30 ditto 16 

1272 ditto 64 


The highest elevation to which 
the water has been raised with the 
1-foot pump, is 67 feet 8 inches, 
with 1,322 revolutions per minute, 
being le*s than the calculated 
height, which may be accounted 
for" by leakage with the extra 
strain. 

While the 1-foot pump is raising 8 
tons of water 5 feet 6 inches high per 
minute, there is no greater strain on 


Table of 3Ican Results of various Expo iments with 3Ir. AppohVs 
Cent/ ifugal Pump. 


No. of 
revolutions 
per minute 
of 6-inch 
dram and 
pump. 

Number of 
'jallons raided 
j leeto inches 
high per 
minute. 

Equivalent in 
lb-, lai-cd 1 foo - 
high per minut- 

-ti ain in 11 
m a dnim ot 
tit. diaiucttr. 
hhinertov ot 
■m. diameter, 
a - measured 
by a dyna- 
mometer. 

Equivalent 
stnuii on the 
steam-engine, 

lattd in lb's. 

lai-cd 1 foot high 
per minute. 

Percentage 
of woik done 
compared 
with power 
expended. 

'100 

000 

27,500 

74 

41,100 

61-7 

412 

600 

.33,000 

80 

49,110 

66-7 

427 

700 

58,500 

8* 

55,723 

69- 

410 

8n0 

44,000 

91 

62,010 

709 

403 

990 

49.500 

109 

67.950 

72-8 

474 

l.ouo 

55 000 

me 

75,566 

72-9 

4*1 

],100 

t 0,500 

115 

81.479 

74 2 

495 

1,200 

00,000 

118 

87,615 

75'3 

518 

1,300 

71,700 

121 

91,017 

76* 

59*5 

1,100 

77,000 

120 

101,115 

76-1 

563 

1,500 

82,500 

134 

113.163 

72-9 

j 5*0 
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any part of the pump than 1U0 lbs. 
on the 6-inch drum, -which is equal 
to a leverage of 3 inches. (See the 
results of various experiments in the 
above Table.) It -will pass almost 
anything that is small enough to go 
through, there being no valves. A 
quantity of nut-galls ( about h a gal- 
lon) were thrown into the 1-font pump 
all at once, when it was at full *pccd, 
and they passed through without 
breaking oue. 

Dimensions of the Pump. 
Diameter ..... 1 foot. 

Width 3 inches. 

Contents 1 gallon. 



Pump, marine, a machine to draw 
•water out of a ship’* hold. 

Pump brakes, tlie friction amongst 
the particles of fluid forced thiough 
a mu row passage. 

Pump-chain. This consists of a long 
chain with valves at proper dis- 
tances, woi King on two wheels one 
above and one below and passing 
down through one wooden tube and 
returning upwards by another. 

Pump -cistern, a cistern to receive 
the \v«ite*r from the pump'-. 

Pumpdales, pipes to convey water 
from the pump-ci-terns through the 
ship’s sides. 

Pumping-engine, usually a yower- 

. ful steam-engine such as is useel tor 
raising the water fiom the vtiy deep 
mines ot Cornwall. 

Punch, in mining a piece of timber, 

used as a support lor a loof. A 

tool for making an impression, or for 
forcing a hole through a plate. 

Puncheon, a measure ot liquids con- 
taining eighty-four gallons. 

Puncheons, small upright timbers 
in wooden partitions, now u-uallv 
called studs or quarters; they are 
placed upright between two ’posts 


whose bearing is too gieat, serving 
together with them, to sustain some 
large weight. 

Punching and Plate -cutting Ma- 
chine. The operation o f punching 
holes through thick metal plates re- 
quires machinery of a very massive 
description, on account of the violent 
strains to which it is subjected; 
and the power of these machines 
being exerted only at interval-', it 
is necessary to apply some means of 
lendeiing the motion tolerably uni- 
form, and thereby diminishing as 
much as possible the violence of 
the strain, 'lhis is effected by 
setting in motion a heavy fly-wheel, 
so that the power expended in 
gicing a certain velocity to the 
wheel shall be stored up till the 
op. ration of punching commences, 
which tends to retard the motion : 
the accumulated power in the 
wheel will then tend to maintain 
the speed, and thus an approx- 
imation to uniform motion is ob- 
tained. 

'1 he machine consists of a strong 
frame, at the ficmt of which is a 
broad slide, muvtd vertically up 
and down by an eccentric fixed on 
the end of a’ shaft pacing length- 
wi-c through the frame ; on this 
shatt there is a large wheel, which 
receives motion from a pinion on 
another shaft earning the fly- 
wheel and driving-pulleys. The 
puw lies, the number of which 
\arks according to the size of the 
holes, are fixed in the lower end of 
the vertical sliding-piece, ar.d im- 
mediately under them is fixed a 
piece of st< el called the dies, 
which has holes in it to correspond 
with the punches. The plate in 
which holes aie to be punched is 
fastened upon a travelling table in 
front of the machine; and the slide 
being up, and the surface of the 
table level with that of the dies, 
thcpait where the holes are to he 
puru hod is placed between the 
punches and the dies, so that when 
the machine is set in mothn, the 
punches are forced through the 
plate hy the action of the eccentric, 
and the piece s driven out fall 
through the holes in the dies: 
after the punches have risen above 
3-19 
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the surface of the plate, the tra- 
velling table is set forward to the 
required distance by self-acting 
apparatus, and the operation is re- 
peated by the machine till the re- 
quired number of holes has been 
punched. 

The plate-cutting apparatus con- 
sists of two steel-plates, forming a 
pair of shears : the lower plate is 
tixed on the frame of the machine, 
and the upper one is attached to a 
slide, as in the ca-c of the punches, 
acting in a similar manner. The 
shears are moved by the same 
shaft as the punches, and act whil** 
the punches are being raided : 
sometimes they are placed at the 
top of the punching slide. 

Punt, in navigation, a sort of oblong, 
flat-bottomed, small boat, with a 
square head and stern. 

Purbeck marble, a compact shelly 
limestone of freshwater origin. The 
Purbeck marble was formerly exten- 
sively used, and is still occasionally 
employed in the construction of the 
slender shafts and columns of Gothic 
ediiices, and lor sepulchral monu- 
ments, instances of which occur in 
the Temple church, London, and in 
Westminster abbey, likewise in 
Winchester cathctlial for the tomb 
of William Rufus. The slender shalts 
and columns in the interior of Salis- 
bury cathedral are composed of 
Purbeck marble. The stone raised 
at the present day in the neighbour- 
hood of Swanage is generally of 
better quality and colour than that 
which was formerly obtained. 

Purlins, in carpentry, those pieces of 
timber that lie across the rafters 
on the inside to keep them from 
sinking in the middle. 

Purple, the third and last of the 
secondary colours, is composed of 
red and blue, in the proportions of 
five of the former to eight of the 
latter, which constitutes a perfect 
purple, or one of such a hue as will 
neutralise and best contrast a per- ' 
feet yellow in the proportion of 
thirteen to three of surlace or in- 
tensity. It forms, when mixed 
with its co-secondary colour, green, 
the tertiary colour olive, and when 
mixed with the remaining second- 
ary orange, it constitutes the tei- 
tiary colour russet. 

m 


Purple Black is a preparation of 
madder, of a deep purple hue, ap- 
proaching to black ; its tints, with 
w bite-lead, are of a purple colour 
It is very transparent and power- 
ful, glazes and dries well in oil, and 
is a durable and eligible pigment, 
belonging perhaps to the semi-neu- 
tral class ot maiTone. 

Purple of Cassius. Gold purple, 
a Mtiiiiable pigment, a compound of 
oxide of tm and gold, which stains 
gla?s and porcelain of a beautiful red 
or purple hue. Its preparation has 
been deemed a process ot such nicety 
as. tu be liable to fail except in the 
most experienced hands. 

Purple Heart. (See Purple Wood.') 

Purple Lake. The best purple lake, 
so called, is prepared from cochi- 
neal, and is of a rich and power! ul 
colour, inclined to crimson. Its 
character as a pigment is that of a 
cochineal lake, already described. 
It is iugitive both in "glazing and 
tint, but" used in considerable body, 
as in the shadows of draperies, etc., 
it will last under favourable cir- 
cumstances a long time. Lac lake 
resemble > it in colour, and may 
supply its place more durably, al- 
though not perfectlv so. 

Purple Ochre, or Mineral Purple, 
is a daik oclirc, a native of the forest 
of Dean in Gloucestershire. It is of 
a murrey or chocolate colour, and 
forms cool tints of a pui pie hue, 
with white. It is of a similar 
body and opacity, with darker 
colour than Indian red, which has 
also been classed among purples, 
but in all other respects it re- 
sembles that pigment. It may be 
prepaied artificially, and some na- 
tural red ochres burn to this colour, 
which has been employed under the 
denomination of violet de mar. 

Purple Wood is liom the Brazils, im- 
ported in logs fiom 8 to 12 inches 
square, and 8 to 10 feet long, prin- 
cipally used for ramiods, buhl- 
work, marquetry, and turnery. 

Pur purine, erne of the red colouring 
matters of madder called the madder 
purple of Range. (See Madder.) 

Purser, the cashier or paymaster of 
mines ; aLo formerly the paymaster 
of a ship of war. 

Pursuivant, in heraldry , a messenger 
who formerly attended the king in 
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bis wars, or at the council table, 
and ultimately became herald. 
Puteal, the enclosure surrounding 
the opening of a well, to protect 
persons from falling into it. It 
was either round or square, from 
3 to 4 feet high. There is a round 
one in the British Museum, made 
of marble. 

Putlogs, or Putlocks, in building , 
are short pieces of timber about 7 
feet long, used in building scaffold*. 
They lie at light angles to the wall, 
with one of their ends resting upon 
it, and the other upon the pelts 
which lie parallel to the side of the 
wall of the building. 

Putlog-holes, small holes left in walla 
for the use of tlic workmen in 
erecting scaffolding. 

Putty, in the art a, a kind of paste 
used by glaziers, composed of 
whiting anil lin-eed oil (with or 
without white-lead), beaten toge- 
ther to the consistence of a tough 
dough. 

Putty Powder, a pulverised oxide of 
tin sometimes mixed with oxide of 
lead. Putty pow'der is extenshely 
used in glass and marble works, and 
the best kmds are used for polishing 
plate. 

Puzzolano, or Puozzolano, in mi- 
ll era logg, a volcanic sand of a violet 
red colour (the pulcis Puteoli of 
Pliny), bi ought from Italy, which 
forms a cement that hardens under 
water. It appears to be a species 
of argillaceous eaitli that piobablv 
has been calcined ami then ejected 
from a volcano. Its constituents 
are silex, alumina, oxide of iron, 
and a little lime. It was fir*t dug 
out of the earth by the Romans 
near the town of Puzzoli, not far 
from Vesuvius. The environs ot 
Rome furnish it equally. It lia*, 
been found in France in the ex- 
tinct volcanoes of Vivares. There 
are few regions exposed to ig- 
neous agency which arc destitute 
ot it, but it presents itself under 
very different phy&ical appear- 
ances, — sometimes pulverulent, 
sometimes in coarse grains, often 
iu slag, pumice, tufa, etc. Its 
colour, which is generally brown, 
passes to yelloiv, gray, and black. 
The only preparation* this material 
undergoes previous to use is that 


of pounding or grinding and sift- 
ing, whereby it is reduced to pow- 
der, iu which state it is beaten to 
a proper consistency with a due 
proportion of lime. Artificial 
puzzolano is also much used, and 
is produced by pulverising the 
clay, the psammite, or the arene, 
which is soluted, and the strewing 
a layer of it, about four- tenths of 
an inch, on a plate of iron, heated 
to a point between a cherry-red 
and forging-Iieat. It is left till it 
be raid'd to the same degree, for 
a space of time which varies, for 
each kind of material, from five to 
twenty minutes. It must be con- 
tinually stirred with a small rod, 
in order that the whole of the 
particles may be uniformly cal- 
cined. 

Pycnostyle, that arrangement of 
Greek or Roman coliVnn-, in which 
the intercolumniations arc equal to 
one diameter and a half of the lower 
part of the shaft. 

Pyramid, in geometry , is a solid figure 
whose base is a polygon, and whose 
sides me plane triangles, their seve- 
ral point- meeting in one. 

Pyre, a pile of wood upon which the 
body of a dead person was placed 
and burnt by the ancients. 

Pyrites, in mineralogy , a name given 
to certain metallic ores containing 
a large portion of sulphur or arsenic ; 
native compounds of sulphur with 
different metals, and more especially 
with iron. The term is derived from 
the u*e to which the stone was 
formeilv applied, that of obtaining 
sparks by percussion, an application, 
of pyiitcs mentioned by Pliny. 

Pyrites, Copper, in mineralogy , a 
combination (siilphuret) of copper 
and Milphur, being the most common 
ore of copper. 

Pyrites, Iron, in mineralogy , a com- 
bination (sulphuret) of iron and sul- 
phur, one of the most abundant 
minerals in nature, called commonly 
mundic. 

Pyrolusite ; native peroxide of man- 
ganese. 

Pyrometer, in chemistry, an instru- 
ment for measuring very high tem- 
peratures, depending on the uniform 
and permanent contraction of pure 
clay.- A contrivance for ascer- 

taining the temperature of the fluea 
351 
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cf boilers, by fixing an iron wire at 
the back of the hue, and connecting 
it to a lever in front of the boiler, 
which indicates the degree of expan- 
sion and consequently the tempera- 
ture. 

Pyrope, Bohemian garnet. It occurs 
in a mountain on the south side of 
Bohemia imbedded in trap tufa ; 
also at Lobliiz in Saxony, in the 
Serpentine rock. 

Pyrotechny. The composition of lu- 
minous devices with explosive com- 
bustibles is a modern art resulting 
from the discovery of gunpowder. 
The first inventions of this kind of 
great excellence are due to the cele- 
brated Ruggieri, father and son, who 
executed in the principal capitals of 
Europe, the most brilliant firevrorks 
that were ever seen. The modern 
artist in fireworks very far excels 
any of the older pyrotechnists. 

Pyx, Pix, a tabernacle or shrine, a 
depository for the Ho*t or conse- 
crated wafer, us^d in Romish cere- 
monies. (See Theoreca.) 

Pyx, in navigation , the box in which 
the nautical compass is suspended. 


Q 

Quadra, in architecture, a name given 
by Vitruvius to the square piece, 
commonly called the socle, used to 
support the pedestals of statues, 
vases, and other ornament*. 

Quadrse, the bands or fillets of the 
Ionic ba«e, between which the scotia 
or hollow occurs: .also the plinth, or 
lower members of the podium. 

Quadrangle, a figure having four 
angle* and tour sides. 

Quadrant, the fourth part of a circle, 
being bounded by two radii perpen- 
dicular to each other, and a quarter 
of the circumference, or 90 degrees. 

Quadrature, the finding a square 
equal in area to another figure. 

Quadrifores, lolding-doois w’ho s e 
height was divided into two. Fold- 
iug-doors which opened in one height 
were termed fores valvata , or valvce. 
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Vitruvius directed the doorways to 
be made wider -when these were used, 
and the height to be increased when 
the folding-doors were divided in 
height. The bifores of Vitruvius 
were two single doors. 

Quannet, a kind of file. It is espe- 
cially used for scraping zinc plates 
for the process denominated ana- 
static printing. 

Quarrel, ‘ a diamond-shaped pane of 
glass, or a square one placed diago- 
nally. An arrow having four pro- 
jecting pointed heads, used for cross- 
bows. A paving brick or stone of 
similar shape.’ 

Quarry, an open working in the rocks 
from whence are taken marble, free- 
stone, slate, limestone, and other 
stones proper for building and paving. 

A piece of glass cut in a lozenge 

form. (See Quarrel.') 

Quarter, in herald/ y: this word is 
sometimes used for an escutcheon or 
coat of arms : there are sixteen quar- 
ters required to prove nobility. 

In ships, the afterpait of the top-side. 

Quartercord, in mining , a measure 
u>ed in laying out fiats. It mea- 
sures one fourth part of a mear. 

Quarters, in building , those slight 
upright pieces of timber placed be- 
tween the puncheons and posts, used 
to lath upon. These are of two sorts, 
single and double : the single quar- 
ters are sawn to 4 inches thick and 
5 iuches broad ; the double quarters 
a e sawn to 4 inches square. It is a 
rule in carpentry that no quarters be 
placed a greater distance than 14 
inches. 

Quarter-deck, in ship-building , the 
short upper deck from the after- 
rno.st cud of the main chains to the 
stern. 

Quarter -gallery, the projecting con- 
venience and ornament of the top- 
side which is connected with the 
stern. 

Quarter-pieces, the carved figures 
at the aft-part of the quarter-gallery 
which joins to the tafi'rail, and forms 
the boundary of the stern. 

Quartering, in heraldry , the act of 
dhidmg a coat of arms into four or 
more quarters, by parting, couping, 
etc., by perpendicular and horizontal 
lines. The so\ ereign of Great Brit- 
ain in the first quarter bears gules, 
the lions passant, or, etc.; in the 
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second, formerly, azure, three fleurs- 
de-lis, etc. 

Quartz, a mineral consisting of pure 
silex, sometimes amorphous, and 
sometimes crystalline. Quartz crys- 
tals are sometimes termed rock crys- 
tal. 

Quassia Wood. Quassia Amara. 
This tree is a native of South 
America and the West Indies. The 
colour of the wood is a pale yellow, 
and it has a bitter taste. The 
Pierce na exceha is tbe medicinal 
quassia. In the Isthmus of Darien it 
is carried by the natives as an anti- 
dote for the’ bite ot venomous snakes. 
Quatrefoil, au ornament of frequent 
occurrence in Gothic architecture, 
formed by a moulding disposed in 
four segments of circles. 
Quattrocentisti, * a generic term for 
the school of art established at the 
revival of painting in Italy in the 
fourteenth century.’ 

Quattrocento, a name given to the 
hard, rigid, and peculiar style in 
colour and form practised by the 
artists who lived in the fourteenth 
century. 

QuearsI in mining , crevices in lodes. 
Queen-post, a vertical timber, sup- 
porting the rafters of a trussed roof. 
Queen’s -yellow (Subsulphate of 
Mercury), a compound of sulphu- 
ric acid and mercury. It is not a 
permanent pigment. 

Queen-wood, sent from the Brazils, is 
a term applied to woods of the green- 
heart and cocoa-wood character. 
Quercitron Lake, or Quercitron 
Yellow, is what its name implies. 
It is dark in substance, in grains of , 
a glossy fracture, perfectly transpa- 
rent, and when ground is of a beau- 
tiful yellow colour, more durable 
than the common yellow lakes, al- 
though not perfectly permanent. 
Queue d’hirondeile, sw’allow-tail 
joint, in carpentry. 

Quick, in mining, veins that contain 
• ore are said to be ‘ quick with ore * 
Quick Lime, such lime as is in the 
caustic state. (See Lime.') 

Quick Silver. Metallic mercury is 
often so called. 

Quick-work, the short pieces between 
the ports withinside a ship. 
Quince-tree ( Cydonia vulgaris ), 
producing the fruit so called. (See 
Apricot-tree.) 


Quink, in building , a piece of ground 
taken out of any regular ground- 
plot or floor: thus, if the ground- 
plot be oblong or square, a piece 
taken out of a corner to make a 
court or yard, etc., is called a quink. 

Quintal metrical, one hundred 
kilogrammes. (See Weights and 
Measures.) 

Quirk, a small acute channel oy re- 
cess, much used between mouldings 
in Gothic architecture : in Grecian 
architecture ovolos and ogees are 
usually quirked at the top, and some- 
times in Homan. 

Quoins of stone, the corners of brick 
or stone walls : when they stand out 
beyond the brick w oik, they are called 
* rustic quoins.’ 


It 


Rabbet, that part of the keel, stern 
and stern-post of a ship which is cut 
fur*the plank of the bottom to fit 
into ; the edge3 of plank or deal for 
bulkheads that are lapped one over 
the other, and wrought square, 
making each side of the bulkhead 
a smooth surface to the distance of 
tw'o rooms and spaces. 

Rabble, in metallurgy , the name of the 
stirring tool used to stir the melted 
iron in the process of puddling. It is 
sometimes called the ‘ puddling tool.* 

Rabbling, in metallurgy , working the 
iron in a puddling furnace with a 
tool called a rabble. 

Rack, in mining, an inclined plane on 
which the ore and slime are washed 

and separated. A tlat bar with 

teeth on one side, to work into those 
of a pinion. 

Racking, in mining , a process of se- 
parating small ores from the earthy 
particles by means of an inclined 
wooden frame ; the impurities be- 
ing washed oft’, the ore remaining 
near the head of the rock is taken 
from thence, and undergoes toss- 
ing. 

Radiant point, any point from which 
rays proceed. 


353 



RAB 


RAILWAYS. 


RAX 


Radius, in geometry , the semi-diame- 
ter of a circle, or a right line drawn 
from the centre to the line of cir- 
cumference. In anatomy , a bone 

of the forearm, which accompanies 
the ulna from the elbow to the 
wrist. 

Radius-rods, the guiding rods in a 
parallel motion, jointed to the con- 
necting-links, to counteract the vi- 
bratory motion communicated hv the 
beam, by guiding the links so that 
there is a point. 

Raffaelle-ware, a tine kind of Majo- 
lica wau*, which took its name fiom 
the supposition that the dedans were 
painted by Katlaelle ; but Marryntt 
has shown that this i» irnprob ihle, 
but that the designs were furnished 
from original drawings by h’atfaelle. 
The designs of thi-? ware aic scenes 
from ancient mythology, or otlu r 
fancy subject®, or portiaits painted 
in natural colours. (N.-e Jhtjo/ica ) 

Rafters, in citipintry, the secondary 
timbers of a hou^o ; the timbers let 
into the great beam. 

Bag-stone, in mineralogy. The 
Kent idi rag-stone is a kituYuf lime- 
stone, much prcfeircd to other -toiio, 
of a similar nut me. It is tumid in 
beds varying from 6 im.be- tc wo feet 
in thiekne— , and is composed of the 
following suh-tanecs : carbonate of 
lime, with a little magne-ia, t»'2*6 ; 
earthy matter, 0*5 ; oxide of iion, 
0-5; cnibonaecous matter, 0*4 = 100. 
This stone i.s now* much used. 

Bag-wool, the wool obtained by tear- 
ing up, in a machine called a ‘ tear- 
ing machine,’ Woollen rags; slmddv. 

Bail, the iron bar upon wlm.lt the 
locomotive engine and its associated 
carriages run. 

Bail or life guards, in locomotive 
engine *, strong iion rods rc.i' bing 
down within about *J inches of tin* 
rails, to catch and throw* to one side 
any obstruction which may be on the 
rails. 

Bails, the moulding ornaments in the 
tnp-dde, likewise in the head and 
dem of a ship. 

Railways : rout Is in whi< li tracks of 
iron nr other smooth mateii.d are 
laid for the easy passage of wheel- 
carriages appear to have been intro- 
duced between the years 1000 and 
1650, in the neighbourhood of New- 
castle, to facilitate the carriage of 


the coals from the pits, in ‘ wains ’ or 
waggons, to the 4 staythes * or dis- 
charging-place on the Tyne. In 
1670 they were described to be thus 
formed : ‘ The manner of the car- 
riage is by laving rails of timber 
fiu m the colliery to the river, ex- 
actly straight and parallel ; and 
bulky carts are made, with four 
rollers fitting those rails, whereby 
the carriage is so easy, that one 
hor-e will draw down lour or five 
chaldrons of coals.* These ‘ rails of 
timber* were laid upon transverse 
timbers or sleepers, and secured with 
pegs of wood, the sleepers being 
embedded in the material of the road- 
way. 

lletbre the year 1710, it became 
the practice to preserve the edges of 
the rails by nailing thin plates of 
malleable iion upon their upper sur- 
faces in places where the draught 
was harder than u-ual. About the 
}<-ar 1707. cast-ir.m bars were sub- 
stituted for the wooden rails, and 
this change is said to have been 
suggested bv the wish of the iruii- 
lim-rer- to keep their furnaces at 
voik during a season of unusual de- 
pro— ion in the market value of their 
manufactures. These iron bars were 
found too valuable to admit of a re- 
turn to the wooden rails and im- 
provement* of various kinds w r ere in- 
troduced. Thus the rails were cast in 
the form of long narrow plates with a 
vertical lim along one side (the trans- 
verse section resembling the form of 
the letter L), and thus the wheels of 
the waggons were retained in their 
places without the projecting rims 
or flanges w hich were required for 
wheels running on the plain rads or 
bam. TliC'C rails w*ere c, died ‘train’ 
or 1 plate rail V and thu- distinguished 
fiom subsequent fbims of iron rails 
which weie introduced to dispense 
with the longitudinal timbers here- 
tofore required beneath them, by 
casing the rails of sufficient depth 
to cany their load, and of reduced 
width, the llanged-wheel being re- 
tained to. Malleable-iron rails were 
introduced about the year 1815, at 
coal works in Cumberland, with a 
view to remedy the defect of frequent 
breakage, to which those of cast- 
iron were liable : these malleable 
iron rails were simply bars of iron 
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from 2 to 3 feet in length, and 1 to 2 
inches square ; but the narrowness 
of their surface was found to injure 
the wheels so severely, that the re- 
storation of cast-iron rails appeared 
likely, when an ingenious invention 
was made by Mr. Ilirkinshaw, who 
obtained a patent in October, 1820, 
for his improvements, which con- 
sisted in passing bars of iron, red- 
hot, between rnlleis having indenta- 
tions in their peripheries, correspond- 
ing with the intended shape of the 
rails. JBy this mode malleable-iron 
rails were rolled in lengths of 12 or 
15 feet each, and could be formed in 
any required shape, the section vary- 
ing throughout the length, so as to 
give increased depth and width at 
the points intermediate between the 
intended bearing places. The rails 
now generally used are produced in 
a similar manner, and the permanent 
way consists of a levelled suifacc of 
roadway formed -with metalling or 
suitable ballasting. In some case", as 
in the broad gauge railways, a system 
of continuous sleepers is used, in 
others transverse sleepers are em- 
ployed. These sleepers are laid from 
2 feet 6 inches to 3 feet apart, and 
saddles or chairs of cast-iron are fas- 
tened upon them with spikes. Two 
of these chairs are fixed upon each 
sleeper, at such distance apart that 
the rails, when placed in them, shall 
have the intended distance or g atuje 
between them, commonly 4 feet 
inches. The rails are parallel 
throughout, and of a form resembling 
that of the letter laid on one side, 
the depth of the rail being about 5 
inches, the width over the top and 
bottom about 2 h inches, and the 
thickness of the middleveitic.il lib 
about | inch ; all the angles of the 
section being carefully lemoved hv 
rounding the meetings of the several 
surfaces. For the ‘broad gauge,’ in 
which the rails are laid 7 feet apart, 1 
continuous longitudinal timbers, ! 
about 12 inches square, are employed, 
and connected by cross-timbers ' 
framed to them. The rails arc of a 
bridged or arched section, and rolled j 
with a projecting plate along each 
side, bolts passing through which 
secure the rails to the longitudinal 
timbers. 

The theory of a perfect railway 


requires that it should be level in 
its vertical position and uniform in 
direction. Practically, these condi- 
tions are sacrificed within certain 
limits : but the attainment of great 
speed and safety, upon the present 
locomotive system, forbids any very 
wide extension of them. The con- 
sequence is, that great and expensive 
works are required in earth-works, 
biidges, viaducts, etc , to obtain the 
required inclination of surface and 
direction ; and although the princi- 
ples of construction are the same in 
all, hardly any two railways are alike 
in details. 

The system of railways now ex- 
tends over the whole of Europe and 
every civilised portion of America. 
Thionghout India there are railways 
which are rapidly being extended so 
as to embrace almost every part of 
that vast empire. The railway 
system of our own island may be re- 
garded as nearly complete, there 
being now scarcely any town of any 
importance without its connection 
with some railway. 

It would be out of place in a 
Dictionary of Terms to enter upon 
any of the engineering peculiarities 
of our general railway system. We 
content ourselves, therefore, with 
dnecting attention to a railway 
which i» remarkable for the eco- 
nomy with which many difficulties 
have been overcome. This is the 
Ft ."tilling Railway, which is on a 
singularly narrow gauge, upon 
which, nevertheless, by the aid of 
Fairlie's engine, very heavy loads 
are propelled round numerous curves 
with great ea«e and safety. 

This railway is a single line of 
1 foot 11^ inches gauge extending 
from some slate quarries at Dinas, in 
the neighbourhood of Festiniog, to 
Poitmadoe. Its length is 13£ miles, 
and a branch about a mile long to 
Dwft’ws. In this distance the main 
line rises 700 feet, the gradients being 
continuous but variable. At the 
Fraethmawr embankment extending 
across the river at Portmadoc, the 
line is practically level, after this the 
least gradient is 1 in 180, while the 
s tee pot is 1 in 68*69. For a length 
of 12^ miles the average gradient is 1 
in 92. Throughout the entire course 
the line is a series of curves varying 



RAILWAYS. 


Condition of the Chief Railways of the United Kingdom, according to the 
latest returns published by the Board of Trade (1876). 


England. 


Principal Railways 

Length 

of 

line 

opened 

Passengers 
con\ ej ed 

Authorised 

capital 

Ton don and Xorth Western . 

Sides 

1,600 

44,138,530 

£ 

70,198,465 

Great Western 

1,532 

33,661,836 

54,769,353 

North Eastern 

1,386 

28,727,162 

55,833,250 

Midland 

1,114 

26,337.190 

52,881,612 

30,546,449 

Great Eastern 

852 

31,296,785 

London and South Western 

C85 

19,707,787 

20,309,972 

Great Northern 

680 

13,932,035 

28,009,194 

Lancashire and Yorkshiie .... 

4-10 

33,613,817 

30,532,811 

London, Brighton, and South Coast . 

3 15 

24.571,919 

20,246,666 

South Eastern 

33 1 

22,729,019 

20,514,974 

Manchester, Sheffield, and Lincolnshire 

259 

10,153,257 

23,677,434 

Bristol and Exeter 

201 

2,307,554 

5,425,928 

North St iffordshire 

189 

4,508,210 

7,660,833 

London, Chatham, and Dover 

157 

19,801,310 

20,502,207 

Cambrian 

177 

1,300,155 

4,809,397 

South Devon 

122 

2,199.063 

4,202,647 

Furness Abbey 

102 

1,697,657 

4,608,566 

Cheshire Lines 

102 

1,962,851 

— 

Somerset and Dorset 

92 

381,870 

3,030,920 

Tali' Yale 

74 

1,566,550 

2,237,000 

Cornwall 

06 

705,823 

2,193,060 

Brecon and Merthyr Tvdtil .... 

61 

419,031 

1,993,320 

London, Tilbury, and Southend . 

1 44 

2,132,554 

852,000 

Manchester and Miltord .... 

42 

129,167 

760,400 

Mary port and Carlisle .... 

39 

419,803 

782,000 

Pembroke and Tenby ..... 

29 

234 823 

552,200 


Scotland. 


Principal Railways 

Length 

of 

line 

opened 

Passengers 

conveyed 

Authorised 

capital 

North British ...... 

Caledonian ....... 

Highland 

Glasgow and South Western 

Great North of Scotland . . • 

Mips 

847 

826 

402 

315 

286 

13,715,131 

13,585,613 

1,210,735 

6,832,011 

1,782,185 

£ 

27,518,474 

27,143,748 

3,745,880 

9,468,800 

3,419,362 
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Ireland. 


Principal Railways 

Length 

of 

line 

opened 

Passengers 

conveyed 

i 

Authorised i 
capital 

Great Southern and Western 

Mil s 
465 

2,177,994 

£ 

7,173,905 

Midland Great Western .... 

409 

985,503 

4,342,281 

Waterford and Limerick .... 

203 

802,214 

1,967,130 

Irish North Western 

182 

559,170 

1,200,000 

Belfast and Northern Counties . 

151 

1,607,258 

1,613,832 

Ulster 

140 

1,585,484 

1,509,000 

Dublin, Wicklow, and Wexford . 

122 

4,281,513 

1,925,953- 

Dublin and Drogheda 

75 

996,843 

1,270,333 

Dublin and Belfast Junction 

63 

432,639 

1,164.650 

Belfast and County Down .... 

55 

604,858 

681,666 


in radius from 8 chains to as little Rainbow, a meteor in the form of a 
as If chains; some of the curves party-coloured arch or semicircle 

of the latter radius being 200 feet in exhibited in a rainy sky, opposite 

length. All the curves are of the to the sun, and caused by the 

parabolic class, and have been laid out refraction of his rays in the drops 

with very great care. The rails now of falling rain: it never appears 

used weigh 48-00 lb?, peryard, being greater than a semicircle, but often 

fixed by strong chairs to 9 inches by much less: it is often double, there 

4i in larch cross sleepers 4 feet 0 being what is termed the primary 

inches long and placed 3 feet apart and secondary rainbow ; they always 

from centre to centre, except at the exhibit the seven prismatic colours ; 

joints where the pitch is contracted but as the secondary bow is but a 

to 2 feet. Upon this line passenger reflection of the primary bow, the 

trains, drawn bv the Fail-lie engine order of its colours is inverted. 

< Little Wonder,’ have often tiaversed Rain-gauge, an instrument for mea- 
portions of it at speeds of above 30 sitting tiie depth of rain that falls, 
miles an hour, the trains running, so A very simple and excellent instru- 

perfect is the construction of the line, rnent for tl is purpose is shown in 

as steadily as upon any line of 4 feet fig. 1. It consists of a copper 

8k gauge. The engine employed, funnel, from 5 to 7 inches diatne- 

the Little Wonder,’ is of the class ter. The rain being collected in 

known as a Bogie Engine ; it is a glass bottle, this bottle should be 

mounted on two steam bogies, each placed in a small stand near the 

bogie having four coupled wheels surface of the ground, to protect 

2 feet 4 inches in diameter. The the bottle from the action of the 

wheel base of each bogie is 5 feet, and sun. The amount of rain fallen in 

the total wheel base of the engine is a given time is measured in a 

19 feet, while the weight in working graduated glass jar, one-tenth the 

order is 19A tons. Each bogie has a area of the funnel, similar to that 

pair of cylinders 8 A inches in dia- shown in the figure, and so divided 

meter w'ith 13 inches stroke. In that every inch in depth of the 

ordinary work this engine will take tube shall indicate onc-tenth of an 

up a train the total gross weight of inch falling in the funnel. The 

which, inclusive of the engine, isl27J amount of rain falling can be mea- 

t onSi snred by such an instrument to 

Railway chairs, the pieces of cast- i^tjth part of an inch, or even 
iron which fix the rails to the less. 

deeper* An instrument, fig. 2, is also 
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used for measuring the fall of rain. 
It consists of a cylinder of copper 
or other metal, from 5 to 7 inches 


Rs- 1- 



in diameter, and ”0 inches long. 
A float, jii*t so much ■smaller as to 
allow it to rise freely when it 


Firr 9 
X 1^. ->• 



becomes filled with water, is placed 
within the cylinder, and to the 
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centre of the float is attached an 
upright staff, marked in inches and 
tenths of an inch, which, rising 
through a hole at the bottom of 
the funnel, as shown in the figure, 
indicates the depth of rain received 
into the gauge. 

This in^tiument is very simple, 
and shows the amount of rain col- 
lected upon mcio inspection: it 
has however, been proved that in 
lull)' districts and exposed situa- 
tion-. when the staff rises but a 
small distance above the receiving 
surface of the gauge, owing to the 
rain being carried along with the 
wind in a slanting, and frequently, 
on the tops of lngh hills, almost in 
a horizontal direction, that the 
staff, though of small diameter, 
ai rests a large amount of rain, 
which runs down the staff anil 
causes a much larger quantity to 
he collected than is properly due 
to the rain-fall. 

Rainline, a small rope, or line, some- 
times u-ed to form the sheer of a 
ship, and to set the beams of the 
ib < k fair. 

Rake-vein, in mining , an oblique vein, 
chiefly 11*1 d in Derbyshire. 

Rake, in dt ip-building, an obtuse 
angle, nich as the stem and stern- 
po-ts make with the keel of a ship. 

Rake of a ship, all that part of the 
hull which hangs over both ends of 
the keel. 

Raking moulding, in joinery , a 
moulding whose arrises are in- 
clined to the horizon in any given 
angle. 

Earner, in mining , an iron instru- 
ment used in blasting. 

Rammer. Faith requires ramming 
when u-od for cofferdams ; vegetable 
c. u tit. day, and loam are alone sus- 
ceptible of being rammed. The 
r.imnn r is the tool with which this 
opciation is performed 

Ramp, in hand-) ailing , a concavity on 
the upper side, luiimd over risers, 
or over half or quarter span, bv a 
sudden rise of the steps above, which 
fi eqmmtly occasions a knee above the 
ramp. 

Rampant, in heraldry, a term applied 
to a lion, leopard, etc., standing on 
his hind legs, in the escutcheon, with 
liis forefeet reared up in the posture 
of clawing. 
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Rampant Arch., one whose abut- I 
ments spring from an inclined j 
plane. 

Bandom tooling, is when the stone 
facing is rubbed perfectly smooth 
with grit stone, and backed with 
nibble. 

Ranges, pieces fixed to the inride 
of a ship to belay the ropes ; and 
sometimes exprc>.-ed for tho^e be- 
tween the ports whereon the shots 
lie. 

Hasp, a rough file. 

Ratchell, loose stones. 

Hatchet-brace, a tool fi>r drilling a 
hole in a narrow plane where there 
is not sufficient room to use the 
common brace : the ratchet-wheel is 
fixed on the drill-socket, and turned 
by a handle with a strong spring 
attached to force round the socket 
on the forward motion, and slips 
over the teeth on the backw ard mo- 
tion. 

Hatio is the relation of two quantities 
of the same kind with respect to 
quality, and is divided into arithme- 
tical and geometrical. 

Eat lines, in slap-riggirg, small lines . 
that traverse the shrouds of a ship 
horizontally, at regular distances, and 
form ascending ladders to the mast- 
head. 

Eealgar, red sulphide of arsenic. This 
ore occurs in primitive rocks under 
the form of veins, cfiloresceiices, 
and very rarely crystalline. In vul- 
canic districts it is found sublimed in 
the shape of stalactite*. 

Rebate, a deep groove, or channel, cut 
longitudinally in a piece of timber 
to receive the edge of a plank, 
or the ends of anuinbir of planks, 
which are to he securely fastened 
in it. The word is spelt m various 
ways. 

Receiver of an air-pump, ?» pneu- 
matics, a glass vessel placed on the 
top of a plate, out of which the air 
is exhausted by the pump. 

Recess, a ca\ lty in a wall, left either 
for ornament or ii"C when it is to 
receive some furnituie. as a side- 
board, or to add to the quantity of 
room ; and for ornament w hen 
made in the form of a niche, to 
give beauty and variety to the build- 
ing. 

Reckoning, in navigation , the com- 
putation of a ship’s way (usually by 


the log), or the act of estimating the 
distance run between one part and 
another. 

Reconciles, or Top Timber-Hol- 
low, in ship-building , a mould some- 
times used to form the hollow in the 
topside, which is called the reconcil- 
ing mould. 

Rectangle, a right angle made by the 
falling of one line perpendicularly 
upon another. 

Rectification, in chemistry , is the 
repetition of a distillation or a sub- 
limation several times, in order to 
render the substance purer and finer, 
or freer from earth}' matter and 
water. In geometry , is the find- 

ing of a right line equal to a pro- 
posed curve. 

Rectified Spirits, commonly spirit 
which is 5U per cent, above proof as 
settled by the Custom House regu- 
lations. (See Spirits of JVine.) 

Rectilineal, or Rectilinear, consist- 
ing of right lines. 

Rectory, a house for the residence of 
the rector of a parish, usually situ- 
ated near the church. 

Red, artistically, is the second and in- 
termediate of the primary colours, 
standing between yellow and blue, 
and in like intermediate relation also 
t<> white a ’id Idaek, or light and shade. 
Hence it is pre-eminent among co- 
lours as well as the most positive cf 
all. forming with yt llow the secon- 
dary orange and its near relatives, 
scarlet, etc. ; and with blue the se- 
condary purple and its allies, crim- 
son, etc. It gives some degree of 
warm tli to all colours, but most so 
to those which partake of yellow. 
The red ra\s are the least refran- 
gible of the prismatic rays. 

Reddle, or Red Chalk, an impure 
per-oxide of iron, having an earthy 
texture and conchoidal fracture. It 
is found in many parts of this coun- 
try and is used for marking sheep. A 
riddle is found near Rotherham 
which is used for polishing lenses. 

Red gum-wood. The Eucalyptus 
/ eshut'era. 

Red-lead or Minium, a pigment, by 
borne old writers confounded with 
cinnabar, is a deutoxide of lead, 
prepared by subjecting massicot, 
to the heat of a furnace writh an 
expanded surface and free acces- 
sion of air. It is of a scarlet colour, 
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ami line hue. When pure and alone, 
light does not affect its colour ; but 
■white-lead, or any oxide or prepara- 
tion of that metal mixed with it, 
soon deprives it of colour, as acids 
do aDo ; and impure air will blacken 
and ultimately metallize it. 

Red Ochre is a name proper rather 
to a clas*, than to an individual pig- 
ment, and comprehends Indian red, 
light red, Venetian red, scarlet 
ochre, Indian ochre, redding, rud- 
dle, bole, as well as other oxides 
of iron; English vermilion, and 
Spani-h brown, or majolica, are 
only ochre*. 

Red Orpiment, a pigment of a 
deep scarlet colour ; it may be 
prepared either from the native ovpi- 
nient, which is found in the primi- 
tive mountains, in connection with 
arsenic, or bv burning the yellow 
orpiment. Red orpiment is" very 
corrosive, and less durable than the 
yellow. (See Realgar.') 

Red Short. Iron is said to be icd 
short when it is brittle at a red heat. 

Red Saunders, or Ruby-wood, from 
the Ea^t Indies, is very hard and 
heavy. It is sometimes u^ed for 
turning, but more often as a red 
five-wood. 

Red Stuff, some kinds of crocus or 
oxides of iron are called by this 
name by the workmen. 

Reduce, to separate the metal from 
the substances with which it is che- 
mically combined. In surgery , to 

restore to its proper position a dislo- 
cated or fractured bone — — In engi- 
neering , mechanical flawing , to pro- 
duce a copy of any model or drawing 
upon a smaller scale, but preserving 
all its proportions correct. 

Reducing agents, the agents u*ed in 
the process of reducing a metal fiorn 
its ores. (See Reduction.) 

Reduction. 4 When a metal is sepa- 
rated from a state of chemical combi- 
nation, it is said to be reduced ; the 
process of separation is termed 1 e- 
ductian ; the agent by winch the 
reduction is effected is termed re- 
ducing agent. Thus, when charcoal 
is heated with oxide of lead, eaibonic 
acid i> fanned, and the lead is re- 
duced to the metallic state; or. 
when iron is heated with sulphide ! 
of lead, sulphide of iion is formed, ] 
and the lead is also reduced to the I 
300 


metallic state. In these cases the 
charcoal and iron are reducing 
agent *.’ — Percy's Metallurgy. 

Reef, in navigation, to contr act a sail 
by tying up a portion of it to the 
yard" 

Refectory, a refreshment-room ; the 
hall or apartment in a monastery. 

Refined iron, or Metal, white cast- 
iron. 

Refinery Slag, 4 Cinder,’ -which see. 

Refinery, a furnace for refining iron : 
it cond»ts essentially of a rectangu- 
lar hearth, with tluee wattr-tw yers 
on each dde. inclining downwards. 

Refining, in metallurgy , the process of 
partially decarbuii&ing pig-iron by 
melting it under coke, in the re- 
finery furnace. 

The chemical difference between 
cast-iron and wrought-iron consists 
principally in the diffeience of de- 
gree in which foreign matters are 
present in each, which is in larger 
amount in the former than in the 
latter. Berzelius detected in a cer 
tain kind of bar-iron, 18 per cent, of 
silex ; and yet this iron was still 
malleable and useful. One-tenth of 
that amount of silex will make cast- 
iron buttle. The foreign matters 
generally combined with pig-iron are 
cm bon, silicon, silex, sulphur, phos- 
phorus, arsenic, zinc, manganese, 
titanium, chrome, aluminium, mag- 
nesium, and calcium. Each of these 
tend* to make iron hiittle; there- 
fore, in converting cast into wrought 
iron, it is necessary, as far as pos- 
sible, to remove them. Carbon and 
other foreign matters divide the 
ciude iron into two very distinct 
classes. Such are the differences 
between ordinary pig and refined iron. 

Reflected Lights ‘are such lights as 
a i mind body receives on the shadow 
side from its opposition to an illumi- 
nated object ot any kind.’ 

Reflection is the return or regressive 
motion of a movable body, arising 
from the reaction of sonic other body 
on which it impinges. 

Reflex, in painting, denotes those parts 
of a picture that are supposed to be 
illuminated bv a light reflected from 
some other body represented in the 
puce. 

Reflux, in lithography, the ebb, back- 
vaid com se of water, Uux, or 11 owing 
of the sea. 
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Refraction, in mechanics, the incur- 
vation or change of determination in 
the body moved. In dioptrics, it is 
the variation of a ray of light from 
that right line in which it would 
have passed on, had not the varying 
density of the medium turned it 
aside. It is the bending of a ray of 

]i- *-*■ -It , ' 

!. . n, ■ d r 

when it passes from a denser into a 
rarer medium. 

The law of refraction was first 
completely established by Snell and 
Descartes at the commencement of 
the seventeenth century. The first 
part of this law is similar to that of 
reflection, viz. that the angles of in- 
cidence and refraction (i. e. the 
angles which the incident and re- 
fracted ray each make with the per- 
pendicular or normal of the surface, 
or in this case the angles rcD and 
t " c d") are both in the same plane. 
Any ray meeting the surface of a 
new medium is split into two rays, 
one reflected and the other refracted ; 
as, for instance, the ray b c into the 
reflected ray c e'. and the refracted 
ray c b" ; or n c into the two rays 
c d' and c d". So also a ray u" c 
will be partly reflected in the direc- 
tion c b', and partly refracted into 
c b ; or d" c will be reflected into 
c cT, and refracted into c D. Now in 
all these cases the three rays, inci- 
dent, reflected, and refracted, will be 
all in one plane, and that plane per- 
pendicular to the acting surface a a. 



The angles of incidence and re" 
flection (such as p c d and p c d') 


are, as already explained, invariably 
equal; but that of refraction (in 
this case p' o r>") is different from 
both, but connected with them by 
this law, that (at the same surface) 
the sines of incidence and refraction 
to the same radius bear a constant 
ratio to each other, which is always 
the same in the same two media. 

For instance, in passing through 
the surface A a, at whatever degree 
of obliquity-, and whether upwards 
from the water into the air, or down 
from the air into the water, a ray is 
invariably so bent that the angle it 
makes with the perpendicular p p in 
the air may be greater than that in 
the water ; and that the sine of the 
angle in air may be to that in water 
(to the same radius) as 4 to 3, which 
is the rat io that has been determined 
by experiment. At the surface sepa- 
rating any other two media, a diffe- 
rent ratio would be observed with 
equal constancy. 

To find the new direction into 
which any ray, such as i> o, will be 
bent by this surface, draw a circle 
round the point c with any radius, 
such as c s, and the sine of the ray 
in air (to this radiu3) will be found 
to be s s. Therefore the sine in 
water will be j of s s. Draw a line 
parallel with c p at a distance there- 
from equal to j of 3 s, viz. at the 
distance s' s", and as this intersects 
the circle at s", the refracted ray 
must pass through s" to make its sine 
in water (s's") f of its sine in aii 
(s s), both to the same radius (c s, 
or c s"). If any other radius be 
chosen, as c s, it is plain that the 
same result will be obtained ; for, by 
the property of similar triangles, if 
s' s'' be $ of s s, then s' s" is also J of 
s s. 

In tracing the course of a ray 
upwards from the water, as d" c, 
then, having found its sine in water 
to any fixed radius, make its sine in 
air J greater, because the sine in air 
is always greater than that in water, 
as 4 : 3 ; and thus the new direc- 
tion of the ray will be found to be 
c i>. 

In this case a very singular effect 
takes place if the ray be very oblique 
to the surface, as p o. It s’hould be 
remarked that no ray passing from 
the air into the water, however 
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obliqueh', could ever be refracted 
into the" direction c F, for this reason, 
the sine of no angle can be greater 
than the radius to which it is drawn, 
therefore no ray can have its sine to 
radius c s greater than e s. But its 
sine in water i* only ^ of that in air, 
and consequently cannot exceed § of 
the radius. Now the sine of the rav 
c f, viz. f 2 , is more than f of the 
radius c s, therefore no degree of 
obliquity of the ray in the air will 
enable it to become so oblique in the 
water as c f. But a ray may ascend 
in the direction F c as well as in any 
other. Now its sine in air must 
become $ greater than f z ; but this 
is impossible, for a line ^ longer than 
f z would be longer than the radius 
cs, and therefore too long to be the 
sine of any angle to that radius. As 
this ray, then, cannot be refracted 
according to the law, it is not re- 
fracted at all, but totally reflected in 
the direction c /, the "only known 
instance of total reflection, for none 
of the light can penetrate the surface 
A a, which is in fact, absolutely 
opaque to this light. This pheno- 
menon of total reflection may be 
seen by looking through the side of 
a tumbler containing water up to its 
surface, in some such direction as/ r, 
when the surface will be seen to be 
opaque, and more reflective than any 
mirror, inasmuch as the images in it 
are perfectly equal in brightness to 
the objects themselves. 

Now at the surface between any 
other two media, the ratio of the 
sines would be different ; for though 
all surfaces reflect alike (as regards 
the direction of the ray), all do not 
refract alike. Suppose the ray 
passed from vacuum into water, the 
ratio would be rather greater than 
3 : 4^ namely 1 : 1*335. In passing 
from vacuum into air of the common 
density, the refraction would be much 
less, and consequently the sines much 
more nearly equal, viz. as 1 : 1*00029 1. 
Now if the sine in any medium he 
called 1, the corresponding sine in 
vacuo U called the index of refraction 
of that medium ; and is specific for 
each^ substance, or as constant as its 
density, expansibility, specific heat, 
or any other measurable quality. 
Tl\us the refractive index of air of 
the common density is 1*000294, that 
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of water 1*335, of crown glass 1*52, 
of flint glass 1*55. 

In the case above considered, of 
refraction from air into water, and 
vice versa , the sines in air and in* 
water are, strictly speaking, as J 
1*335: 1*000294; and generally the j 
sines on each side of any surface are I 
inversely as the refractive indices of I 
the two media. m 

The refractive indices of a grea A 
many media have been measure H 
and arranged in tables. When thJHl 
density of any substance is increased it 
or diminished, its refractive power is j 
increased or diminished in the same t 
ratio. 

The application of the laws of j' 
refraction accounts for numerot s fc' 
deceptive effects seen in the atmo- 
sphere, and included under the gene- 
ral term mirage; the most familiar . 
of which is the distortion of objects I 
seen through a rising current of hot * t 
air, which, from its smaller density, ** 
has a lower refractive power than 
the surrounding cold air, and there- 
fore bends the rays in various direc- 
tions. It is also "plain that the rays 
of the heavenly bodies coming from 
space into our atmosphere must be 
lefracted, and thus cause the objects 
whence they come to appear rather 
above their true place, as the eye at 
(l in the figure sees i> in the direction 
d c rather above its true place. This 
forms one of the sources of error to 
be allowed for in all astronomical 
observations, and tables are calcu- 
lated for finding its amount, depend- 
ing on the object’s apparent altitude, 
and the state of the barometer and 
thermometer. Owing to the very 
small refractive pow*er of air, how- 
ever, this error is hardly sonsiblo 
when the olject is high, but in- 
creases rapidly towards the horizon, 
where it becomes 33'. or rather more 
than the sun’s or moon’s diameter, 
so that these bodies may appear just 
clear of the horizon when they are 
really completely below it. As the 
density of the air diminishes gra- 1 
dually upwards, atmospheric refrac- 
tion is not, like that which has been 
just considered, a sudden change of 
direction, but the ray actually de- 
scribes a curve, being refracted mo *e 
and more at every step; and this 
applies equally to the light from a 
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distant terrestrial object which i3 
either lower or higher than the eye, 
because it must pass through air of 
constantly increasing or diminishing 
density. This refraction has there- 
fore to be allowed for in levelling, 
which is done by assuming that the 
light from a distant object comes to 
us in a line arched or curved up- 
wards, the radius of which is about 
seven times that of the earth. 

The application of these laws of 
Dioptrics has also led to the under- 
standing of the mechanism of the 
eye, and hence to the imitation there- 
of by lenses, affording the remedies 
for its infirmities of long and short 
sight, and disclosing the wonders of ; 

r the telescope and the microscope. 

Refractory Minerals, such minerals 
as graphite or plumbago, mica, stea- 
tite, fire-clays, and the like, which 
endure, without fusion, a very high 
temperature. 

Regalia, in heraldry, ensigns of roy- 
alty ; the apparatus used at a coro- 
nation. 

Regardant, in heraldry , signifies 
looking behind, as applied to a lion 
or any other beast. 

Regatta, formerly the name of an 
aquatic spectacle consisting of gon- 
dola races exhibited at Venice. It 
is now applied to any boat-race. 

Regenerating Furnace, a furnace 
fitted with regenerators . 

Regenerators, the name given to 
brick-work chambers, in connection 
with Siemen's gas furnace, filled 
with a mass of loosely piled bricks 
exposing a large surface for the ab- 
sorption of heat. Air in a heated 
state passing through one setof the*e 
chambers loses its heat, and the 
bricks become very hot. Cold air 
being made to circulate through 
them robs the heat from the bricks, 
and becomes heated to supply the 
furnaces. By thus alternating the 
kind of circulation a great saving 
of heat is effected. ‘A better and 
more correct term would be accu- 
mulate j‘s ' — Percy. 

Regius Professor, a name given to 
those professors in the English Uni- 
versities who^e chairs w r ere founded 
by Henry VIII. ; or, in Scotland, 
those professorships which have been 

1 appointed by the Crown. 

Regression, in astronomy , the motion 
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of the line of intersection of the orbit 
of the moon with the ecliptic, which 
is retrograde, or contrary to the 
order of the signs. 

Reglet, a fiat, narrow moulding, em- 
ployed to separate panels or other 
members ; or to form knots, frets, 
and similar ornaments. 

Regula, a band below the tamia of 
the Doric epistylium, extending the 
width of the triglyph, and having 
six gutter depending from it. It 
also signifies the space between two 
adjoining canals of the triglyphs. 

Regular. In geometry , a regular body 
is solid whose surface is composed 
of regular and equal figures, and 
whose solid angles are all equal. 
There are five sorts: 1. A pyramid, 
comprehended under four equal and 
equilateral triangles : 2. A cube, 
whose surface is composed of six 
equal squares: 3. That which is 
bounded by eight equal and equi- 
lateral triangles: 4. That which is 
contained under twelve equal and 
equilateral pentagons : 5. A body 
consisting of twenty equal and equi- 
lateral triangles. 

Regulator, m mechanics , that part of 
a machine which makes the motion 
equable. 

Regulator-cock, in locomotive en- 
gines, a cock placed to admit oil or 
tallow to lubricate the faces of the 
regulator. 

Regulator-cover, in locomotive en- 
gines f the outside cover, removable 
when required to examine the regu- 
lator. 

Regulator-shaft and levers, in lo- 
comotive engines , the shaft and levers 
placed in front of the smoke-box 
when each cylinder has a separate 
regulator. A rod connected with 
the shaft leads to the foot-plate, 
where a handle is placed conve- 
niently for use. 

Regulator-valve, the valve in a 
steam-pipe of a locomotive engine, 
for regulating the supply of steam 
to the cylinder^. 

Regulator- valve spindle, the 
spindle for moving the regulator- 
valve ; being fixed to it at one end, 
the other end of the spindle passes 
through a stuffing-bo;s: joint over tha 
fire-box, and has a liaudle fixed on 
the end to turn it. 

Reheating, in metallurgy , a portion of 
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the process of converting pig-iron 
into malleable iron. 

Reheating Furnace, a furnace in 
which puddled bars are reheated to 
convert them into merchant or 
finished iron. 

‘The operation of heating is ef- 
fected in special furnaces termed 
reheating , mill or balling furnaces, 
and frequently on the Continent 
welding furnaces? — Percy. 

Heisner, a process of inlaying wood, 
like parquetry. 

Helbun, the roots of the Calceolaria 
arachnoidea , used in South America 
for dj’ein g crimson. 

Belief-valve, a valve belonging to 
the feeding apparatus of a marine 
engine, through which the water 
escapes into the hot well, when it is 
shut off from the boiler. 

Believing tackle, in mechanics , the 
two strong tackles used to prevent 
a ship’s overturning on the careen, 
and afterwards to assist in upiight- 
ing her. 

Kelievo, Belief. There are three 
kinds of lelief, Alto , Mezzo , and 
Basso. It is difficult to give a clear 
definition of the art, as it hovers 
between sculpture and painting. 
The endeavour of the artist is, either 
by moulding his material or laying 
on his colours, to produce the repre- 
sentation of bodies, precisely as they 
are found in nature, by the imita- 
tion of the body in a rounded form 
{rondo, losso ), but in relief, these 
representations are, as it w r ere, 
pressed down on a surface, exhibit- 
ing a weaker play of light and shade 
than round work admits of. 

Benaissance, in architects e, a term 
applied to a peculiar style of deco- 
ration, which sought to* reproduce 
the forms of Greek ornamenta- 
tion. The new birth of this style 
marks the age of the revival* of 
letters, which was immediate!}' 
before the Reformation. The strictly 
imitative character of the Renais- 
sance is still more clearly biought 
out by the fact that many of the 
greatest buildings in this style are 
Classical only in their details, their 
forms being borrowed from early 
Christian basilicas or Gothic and 
Byzantine buildings. To these forms 
it applied a principle of decoration 


which could issue only in a weari- 
some sameness. 

In Italy, where the arts had 
never become thoroughly Gothic, 
the renaissance of Classical taste 
commenced as early as the 13th cen- 
tury, but in the rest of Europe the 
Gothic had then hardly arrived at 
its complete development, or had 
hardly begun to display its lux- 
uriance ; and two centuries were 
required to explore its capabilities, 
to work out its resources iu all their 
wondrous variety, and to push on its 
suggestions so far in complication 
and absurdity, as to render a change 
of style necessary ; and accordingly 
the arts of Germany, the Nether- 
lands, France, and England, were 
not ripe for this change, called the 
1 renaissance,’ till the end of the 
15th, or beginning of the 16th cen- 
tury ; i. e. not till after the inven- 
tion of printing, the great change of 
society resulting from which ren- 
dered easy the introduction of Classic 
taste into these countries. (See 
Architecture.') 

Bennet, or Bnnnet, the prepared 
inner surface of the calf’s stomach. 
It contains much pepsine, and has 
the property of coagulating the 
casein of milk and forming a curd. 

Kepercussion, in mechanics , the act 
of drawing back ; rebound. 

Beplica, the copy of a picture, painted 
by the artist, of the original picture. 

Beplum, the panel of the impagis, or 
horizontal rails of a framed door. 

Bepose, in painting, denotes certain 
parts in the composition of a picture 
■which seem to trauquilliseits aspect. 

Hepousse, ornamental metal work in 
relief, which is produced by beating 
the metal up from the back with a 
punch and hammer, the metal being 
placed upon a wux block. 

Beredos, behind the back\ the back 
of a fireplace ; al^o, in ecclesiastical 
architecture , a screen or partition wall 
behind an altar. 

Beservoir, a basin or pond in which 
water is preserved for the supply of 
a town. The construction of reser- 
voirs is of great importance, requir- 
ing much engineering skill. 

Besin, a proximate principle common 
- to the vegetable kingdom. It is 
collected in large quantities from the 
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pines and obtained by distilling tur- 
pentine. 

Resists. For dyeing with indigo, 
when a portion of the fabric is to 
remain white, the material is first 
bleached, then the intended white 
portions are printed with the so- 
called resists. * These resists consist 
essentially of some salt of copper, 
mixed with an appropriate thicken- 
ing material. The copper salt acts 
by oxidising the reduced indigo- 
blue at the surface, and thus render- 
ing it insoluble before it can enter 
the interior of the vegetable fibre, 
since it is only when deposited 
within the fibre itself that the 
colouring matter becomes durably 
fixed.’ — Ure. 

Respond, in Gothic architecture , a 
half-pillar or piece attached to a 
wall to support an arch, etc. 

Rest, in a lathe , a piece of iron to hold 
the turning-tool upon, fixed at the 
end of a slide by a set-screw: the 
slide can be moved at right angles to 
the bar of the lathe, and the whole 
can be fixed at any part of the bed, 
between the centres. 

Retaining Wall, a wall built for 
confining a body of water in a reser- 
voir, or for the purpose of resisting 
the thrust of a body of earth. 

Retardation, an impulse given to a 
moving body in a backward direc- 
tion. 

Reticulated work, a species of 
masonry or breakwork, formed ex- 
ternally by small square stones 
or bricks, placed lozenge wise, and 
presenting the appearance of net- 
work. 

Reticulation is the method of copy- 
ing a painting or drawing by the . 
help of square threads. An open j 
frame is made similar to a straining 
frame, and the painting enclosed 
within it ; a number of threads are 
then strained over at equal distances, 
like network, which are fastened to 
the frame by naiR The canvas, 
or paper, is likewise divided into 
an equal number of proportional 
squares, and whatever appears 
within the square threads in the 
painting is copied into the corre- 
sponding squares on the canvas or 
paper. The squares of the copy may 
tear any proportion to those ol the 
original Painters often adopt this 


method when they first execute a 
small design, from which their large 
and more finished work is copied. 

Retinite, a fossil resin found in the 
coal mines of Moravia. 

Return, in coal-mining , the air which 
ascends after having passed through 
the workings. 

Re valent a Arabic a, or Er valent a, 
the commercial name for a kind of 
meal which is prepared from the 
seeds of the lentil Ervum Lens , and 
sweetened with sugar. As an article 
of food, it ranks with peas and beans. 

Revels, or Reveals, the vertical re- 
treating surface of an aperture, or 
the two vertical sides of the aper- 
ture, between the front of the wall 
and the windows or door frames, most 
commonly posted at right angles to 
the upright surface. 

Reverberatory Furnace, in metal- 
lurgy, a furnace in which the flame 
passes over a bridge and plays down 
against the hearth on which the 
materials are placed. 

Reversing gear, the apparatus for 
reversing the motion of a marine or 
locomotive engine, bv changing the 
time of action of the slide-valve : the 
eccentric being in advance of the 
crank for the forward motion will, 
if turned to an equal distance behind 
the crank, produce a backward mo- 
tion. 

Reversing handle and guide, the 

handle placed beside the foot-plate 
conveniently for use when required. 
The guide is a quadrant fixed to the 
foot-plate, notched for the end of the 
reversing handle for each variation 
of the expansion gear. To reverse 
the engine, the handle is removed 
to any notch past the centre 
of the guide on the opposite side in 
which it was before. Expansion is 
varied by moving the handle from 
one notch to another notch on the 
same side of the centre of the guide 
from which the engine is 'working. 
When the handle is on the centre 
notch, the handle is said to be out of 
gear. 

Reversing lever, the lever con- 
nected to a crank on the reversing 
shaft by a rod, and placed at tl e 
side of the fire-box, between guide- 
plates with notches to keep it verti- 
cal, or in the forward or backward 
position. 
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Reversing shaft, the shaft, with 
levers on it, connected with the eccen- 
tric rods in the rocking- shaft class, 
but with the slide-valve rod in the 
expansion -gear class of engines, 
lloth arrangements effect the object 
of moving the slide-valve so as to 
admit steam to the contrary side of 
the piston to which it lnd previously 
been admitted, and thus reverse its 
motion, and with it the motion of the 
engine also. 

Reversing valve. (See Air-valve.') 

Rhodium, a very hard metal of a 
whitish colour found in the ore of 
^platinum. It was discovered by 
Wollaston in 1803. (See Metals.) 

Rhomb, an oblique-angled parallelo- 
gram ; in geometry , a parallelogram 
or quadrangular tiguie having its 
four sides equal, and consisting of 
parallel line*, with two opposite 
angles and two obtuse. 

Rhomboidal, approaching the shape 
of a rhomb: in gamut ry, used to 
signify an oblique-angled paralle- 
logram. 

Rhumb, in navigation , a vertical cir- 
cle of any given place, or the in- 
tersection of a part of such circle 
with the horizon. Rhumbs coin- 
cide with the points of the world 
or horizon, and are distinguished 
like those of the compai*. A 
rhumb-line cuts all the meridians 
under the same angle. 

Rhyparography literally means 
Dirt-painting. A term applied to 
genre or still-life pictures. 

Riabooca-wood, an ornamental wood 
imported from the East. It is used 
for small boxes and desks. (See 
Kiubnoca Wood .) 

Rib, in constructive architecture, a 
moulding on the interior of a 

vaulted roof. An arch foimcd of 

a piece of timber. A pillar of 

coal left as a support for the roof of 
a mine. 

Ribs, arcli-formed timbers, fur sus- 
taining the plasterwork of a vault, 
or wood ceiling. 

Ribband, piece* of fir nailed to the 
timbers of a square body under 
which shores are fixed. 

Ribbing, the whole of the timber- 
work for sustaining a vaulted or 
covered ceiling. 

Ridding, in mining, a term used in 
the Northumberland and Durham 
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district for the operation of separat- 
ing iron ore from the coal shale. 

Rider, in mining, a stone running 
through the vein aud dividing it in 
two parts. 

Riders, in ship-building, interior ribs, 
to strengthen and bind the parts of 
a ship together, being fayed upon 
the inside stuff, and bolted through 
all. 

Ridge, the upper angle of a roof ; tiles 
called ridge-tiles are sometimes 
made very ornamental. 

Rigger, a wheel with a flat or slightly 
curved rim, moved by a leather 
band. 

Right angle, m geometry, is that 
formed by a line falling perpen-* 
dicularly on another, or that which 
subtends an arc of ninety degrees. 

Right line, in geometry , signifies the 
same as a straight line, opposed to 
curved or crooked. 

Rimer. (See Broach .) 

Ring, in geometry, an annulus. 

Ring-tail, in navigation, a quadrilate- 
ral sail, occasionally hoisted abaft 
the after-leech of the boom main- 
tails to which the fore-leech is 
made to correspond. 

Ring-wall, in metallurgy, the inner 
lining of a blast furnace, which ia 
always constructed of fire-brick*. 

Rinman’s Green, oxide of cobalt and 
oxide of zinc. 

Rising-rod, a rod in a Cornish engine 
which rises by means of levers as 
the cataract piston descends, and 
lifts catches which release sectors, 
and allow weights to shut or open 
the steam, equilibrium, or exhaust 
valve. 

Rivets, short bolts of metal inserted 
in a hole at the juncture of two 
plates, and, after insertion, ham- 
mered abroad at the ends, so as to 
keep the plates together. Mr. Win. 
Fairbnirn invented a riveting ma- 
chine, which by the aid of steam 
performs the work rapidly and 
without noise. 

Riveting Machine. The principle of 
action of the riveting machine is 
very similar to that of an ordinary 
punching machine. The work per- 
formed by it is usually done by 
manual labour, which occupies a 
much longer time, causes great 
noise, and is much more expensive 
and less efficient. The machine 
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consists of two strong side-frames 
forming bearings for the fulcrum 
for a powerful lever which works 
between them, and is raised or 
lowered by a cam acting at the ex- 
tremity. On one end of the cam- 
shaft is a large spur-wheel moved 
by a pinion on the driving -shaft, 
which has a very heavy fly-wheel 
fixed on it, to accumulate power 
and expend it during the action of 
the lever: The riveting tool is 

placed in a guide near the short 
end of the lever, and directly op- 
posite the end of the tool is ano- 
ther to form the heads fixed on a 
pillar called the riveting block. The 
rivet being made to enter the holes, 
and placed between the riveting 
tool and the block, the machine | 
is set in motion, and the cam 
raises the lever, which presses 
against the tool and instantly forms 
the rivet. 

Hoads are artificially-formed ways 
between distant places, and being 
among the first means of personal | 
communication, tlieir formation | 
and treatment, as duties of the 
engineer, are of the highest im- 
portance. The efficiency of road- 
making requires that the surface of 
the road shall be preserved in a 
durable condition, and adapted for | 
the kind of traffic to be conducted 
upon it ; and, therefore, the con- | 
struction of the road, both as re- | 
gards its superstratum or surface, 
and substructure, its dimensions 
and inclination, or declivity, are 
equally to be determined with re- 
ference to the particular kind of 
wear to which it will be subjected. 
Thus the weights that will pass 
over the road will make it neces- 
sary that it possess greater or less 
firmness and solidity, while the 
rigidity or hardness of its surface 
affects the power required for mov- 
ing bodies, or the draught. The 
vertical inclination of the road lias 
an influence upon the draught, and 
is also limited by the class of traffic. 
The old Roman roads, for instance, 
designed for the passage of animals 
only, were laid with inclinations of 
great steepness, and with reference 
only to the directness of their 
course. The use of wheel carriages 
imposes limits to the steepness 


which cannot be exceeded either 
with safety or with economy of 
power. The most improved form 
of road — the railway — restricts the 
steepness or inclination still further, 
the propelling power employed 
being found to become expensive 
in a rapid ratio in proportion to the 
departure of the surface on which 
it is exerted from a horizontal 
plane. The qualities of a good 
road are, solidity of structure, — 
hardness of surface, — levelness ot 
inclination, and sufficiency of width 
for all its purposes. To insure the 
permanence of these qualities, the 
formation and the drainage of the 
road are required to be complete, 
while the several means to be 
adopted will be partly determined 
by the kind of materials at com- 
mand. Experiments made to as- 
certain the force of traction on dif- 
ferent kinds of roads, have shown 
that this force is nearly in exact 
proportion to the strength and 
hardness of the road. Thus the 
draught on a well-made pavement 
is half that upon a broken stone 
surface, or old flint road, and less 
than a quarter of the draught upon 
a gravel road. If the strength ot 
solidity of the foundation be in- 
creased, the draught is reduced. 
Thus, if the broken stone road be 
laid upon a rough pavement foun- 
dation, the draught is reduced one- 
third, and a similar reduction is 
effected by laying a bottoming of 
concrete formed of cement and 
gravel. The external forces by 
which the motion of bodies upon 
roads is retarded, and the draught 
or power required consequently 
augmented, are collision, friction, 
gravity, and the atmosphere. Col- 
lision ‘is occasioned, by the hard 
protuberances and irregularities of 
surface of the road meeting the 
wheels, and thus diminishing the 
momentum of carriages. The re- 
sistance arising from collision is 
proportional directly to the load 
and the height of the obstacle to 
be surmounted, and inversely to 
the diameter of the wheels of the 
carriage in which the load is borne. 
Professor Leslie has defined the 
resistance which friction causes to 
consist ‘of the consumption of the 
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moving force, or of the horse’s 
labour, occasioned by the soft sur- 
face of the road, and the continu- 
ally depressing of the spongy and 
elastic substrata of the road.’ From 
the formulee which have been de- 
duced upon the extent of this re- 
sistance, it is evident that it is 
caused by the wheels sinking into 
the ground, and is proportional di- 
rectly to the load, and inversely to 
the width of the wheels. The re 
sistance produced by gravity is evi- 
dently in proportion to the steep- 
ness of the road, being nothing on 
a perfectly horizontal plane, and 
augmenting as the inclination ap- 
proaches the perpendic»ilar. The 
force of the air in resisting the 
motion of loads upon roads may be 
understood from the experiments 
which are given in Smeaton's Re- 
ports, and from which it appears, 
that upon a surface of one square 
foot this force equals 1 lb. when 
the velocity of the wind is at the 
rate of 15 miles per hour; and that 
this force becomes equal to 12 lbs. 
when the air moves at the rate of 
50 miles an hour, constituting a 
storm. 

In designing a road, a correct 
survey of the proposed line, with the 
exact relative levels of all part 3 of its 
present surface, is the first requisite, 
and upon this the engineer pi oceeds 
to consider the propriety of deviating 
in one direction or another, in order 
to attain better levels, or to equalise 
the earth-works, so that the quantity 
excavated in one part may suffice to 
embank an adjacent portion, and 
thus reduce the distances to wlu h 
the soil must be removed. In deter- 
mining the inclinations of the surface, 
facts proved by experience should be 
consulted, from which the rule may 
he inferred that an inclination of 1 
in 35 is that which admits of hoises 
moving with perfect safety in a fa^t 
trot. Valleys are required to be 
crossed by liridc «-n and viaducts, or 
by solid embanKment? of earth, and 
streams and rivers are also to be 
parsed, and thus the design and exe- 
cution of an extended length of 
road requires much engineering 
skill. Wood pavements have re- 
cently been introduced into the 
streets of London, the reduction of 
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noise being one recommendation to 
its use. 

Roasting. In preparing the ores for 
the smelter it often becomes neces- 
sary to subject them to heat or to 
roast them to expel some volatile 
agent. Tin and copper are so treated 
to expel sulphur and arsenic, and 
iron to dissipate the water and drive 
off the carbonic acid. Iron ore to 
be roasted should be broken into 
pieces as small as those usually put 
into the blast-furnace. There are 
many different forms of ovens used ; 
all of them can be reduced to that 
of the blast-furnace or the lime-kiln. 
These ovens are commonly from 
twelve to eighteen feet high, and 
contain from fifty to one hundred 
tons of ore at one time. 

Roche Alum. (See Alum Roche.') 

Rochelle Salt, a double salt, being a 
tartrate of soda and potash. It is 
the principal ingredient in Seidlitz 
Powders. 

Rock Alum. (See Alum.) 

Rock Crystal. (See Crystal.) 

Rock Oil, a name for pet) oleum. 

I', ;> eking- shaft, the shaft, with levers 
on it, which works the slide-valves 
in some steam engines. The eccen- 
tric-rod drops on to a stud fixed in 
one lever, and the links of t he slide- 
valve rod are attached to the opposite 
lever on the same shaft. '1 his mode 
of working the slide-valves was gene- 
rally adopted before the introduction, 
by Mr. Stephenson, of the direct-ac- 
tion mode of working them. 

Rococo, a name given by modem 
French architects to the style of de- 
coration of the period of Louis XIV. 
and Louis XV. Interrupted pedi- 
ments, columns made stouter at the 
tnp than they are at the bottom, 
broken curves and ornaments tor- 
tured in even" shape and style, con- 
stitute the picturesque but illogical 
sU le generally known as rococo. 

Rod, or Pole, a long measure of 16£ 
linear feet, or a square measure of 
square feet. 

Roe-stone, a name for oolite from its 
being somewhat like the roe of fish. 

Roller, a solid cylinder of metal or 
wood, used for many purposes. 

Rolling Machine, an invention for 
making the brass mouldings in 
fenders, and the brasswork in 
grates. 
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Bolling Mill, a mill for reducing 
masses of iron, copper, or other 
metals, to even parallel bars or thin 
plates. This is effected by passing 
the metal, whilst red-hot, between 
two cylindrical rollers of steel, put 
in motion by the mill, and so 
mounted in a strong metal frame 
tnat they cannot recede from each 
other. 

Boll-moulding, a moulding used in 
early English architecture, resem- 
bling a roll. 

Homan Alum, an alum extracted 
from the volcanic rocfcs of Solfaterra; 
it contains more alumina than the 
common alum. (See Alum,) 

Homan Architecture. (See Archi- 
tecture .) 

Homan Balance, in mechanics , the 
stech ard or statera Romana. 

Roman Cement, ‘ the natural water 
cements of England, most improperly 
and absurdly termed I toman cement.’ 
— Pastey. 

Romanesque Architecture, a 
name given to the style of architec- 
ture which prevailed after the decline 
of the Roman empire, from the reign 
of Constantine till the introduction of 
the pointed arch. 

Homan Ochre, a transparent and 
durable pigment of a rich deep orange- 
yellow colour. (Sec Ochre.) 

Homan Vitriol, sulphate of copper 
or blue stone. 

Homan White is of the purest white 
colour, but differs from the blanc 
d’argent only in the warm flesh- 
colour of the external surface of the 
large square masses in which it is 
usually prepared. 

Ronde Bosse, a term used in sculp- 
ture to describe objects sculptured in 
their full round form ; in contradis- 
tinction to relief. 

Hood, in suixeying , the fourth part of 
an acre in square, measure, or 1,210 
square yards: a rod; a pole; a 
measure of 16£ feet, in long mea- 
sure. 

Hood, or Roode, a cross ; a crucifix 
or image of Christ on the cross, 
placed in a church. The holy 
rood anciently was elevated at the 
junction of the nave and choir, and 
faced the western entrance to a 
church. 

Bood-loft, a gallery which was gene- 
rally placed over the chancel screen 
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in parish churches, and was an ad- 
dition peculiar to the Church of Rome. 
The rood-loft or gallery has its real 
support from the tie-beams which 
connected it with the walls of the 
building ; but in the Decorative con- 
struction it appeared to rest on a 
range of arches or mullions below. 
Rood-lofts are formed both of stone 
and wood. 

Rood-tower, or steeple, a tower or 
steeple at the intersection of the nave 
and transept of a church. 

Roof, in mining , the part above the 
miner’s head ; that part of the strata 
lying immediately upon the coal. 

Hoofs, or coverings to buildings, are 
variously formed, both as to ma- 
terials and construction, although 
certain essential qualifications are 
common to all of them. Thus, they 
are required to effectually exclude 
the weather, and at the same time 
impose the least possible weight upon 
the Avails of the buildings over which 
they are erected ; and another pur- 
pose which they should be designed 
to effect is that of aiding the walls in 
maintaining their position by acting 
as ties between them at their highest 
and least stable points. A roof con- 
sists mainly of two parts, viz. the 
framing or trussing, and the covering, 
the width of most buildings being 
too great to be spanned with any 
practicable covering without the 
support of framing beneath it. In 
order to avoid unnecessarily loading 
the Avails, the entire roof should be 
constructed as light as possible con- 
sistent Avith safety and durability, 
and its several parts so disposed that 
the weight shall fall vertically only 
upon the Avails, and have no tendency 
to force them asunder. In this re- 
spect, therefore, the framing of a 
roof is required to act entirely to- 
gether as the supporter of the cover- 
ing, and cannot be properly designed 
to act laterally against the walls as 
abutments. Provided this condition 
is secured, roofs may be formed so as 
to preserve a level upper surface, or 
a ridged surface, the adoption of the 
form depending upon the occasion 
which may or may not exist for 
using the exterior of the roof as a 
place of resort for persons or other- 
Avise, Thus, in the East, and in 
warm climates, roofs are commonly 
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made flat on the top ; 'while in tem- 
perate regions, exposed to rains, they 
are usually ridged, the surface being 
unavailable, and the escape of water 
facilitated by this form. 

Flat roofs are generally composed 
of timber framing, and covered with 
stone in large slabs, or with artificial 
cements, or with concrete moulded 
in rectangular blocks. The timber 
framing in these roofs consists of 
main beams which span the roof from 
wall to wall in one direction, and of 
rafters of smaller scantling laid trans- 
versely to the beams, and notched 
down upon them ; the distance be- 
tween the rafters being determined 
by the size of the covering blocks or 
slabs. 

Ridged roofs are composed of 
framings of wood, malleable iron, of 
cast-iron, and coverings of tiles of 
burnt clay in various forms, of slate, 
of iron in rolled sheets or cast plate*, 
of copper or lead in sheets. Each 
frame of the roof is termed a truss , 
and consists of several member*, 
according to the width of the truss 
or span of the roof. The principal 
of these members, in a wooden truss, 1 
are the tie-beam, which equals in 
length the span of the roof, and is 
laid horizontally across the building, 1 
resting at each end upon a wall- plate 
of timber, a cast-iron shoe, or a 
stone template ; — the principal raf- 
ters, which are two timbers of equal 
length, framed into the ends of the 
tie-beam, and meeting, in the manner 
of the legs of an isosceles triangle, in 
a point equidistant from the ends of 
the tie-beam and at some height 
above its central point. The apex 
of the triangle or ridge of the roof is 
supported by a vertical post, called 
the king-post , properly framed and 
secured to the heads of the rafters 
and to the tie-beam. The two tri- 
angular spaces thus formed between 
the rafters, tie-beam, and king-post 
are filled in with other members, ac- 
cording to the size of the truss, and 
adapted to assist the rafters in bear- 
ing the weight of the covering, and 
to connect each rafter with the half 
of the tie-beam below it in a firm 
and substantial manner. In roofs of 
small span, these additional members 
are simply two struts fixed in a dia- 
gonal position from the bottom of 
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the king-post on either side to the 
middle of the length of each rafter. 
In larger roofs the requisite strength 
is attained, and a space saved in the 
roof (available as a dormitory or 
store-room), by introducing two 
vertical posts, termed queen-posts , 
leaving a space in the centre of the 
roof between them, these queen-posts 
being secured by straps below to the 
tie-beam, and bearing the rafters 
above. A horizontal beam connects 
the heads of the queen-posts, and is 
termed a collar-beam, the centre of 
which is secured to a king-post, 
which supports the heads of the 
principal rafters and the ridge of the 
roof. Diagonal struts are framed iu 
between the rafters and the king- 
posts and queen-posts, and thus 
complete the truss. The trusses are 
fixed at intervals, from 7 to 12 feet 
apart, throughout the length of the 
roof, and upon their principal rafters 
longitudinal timbers, called purlins , 
are notched down, and carry the 
common rafters , which are of minor 
scantling, fixed parallel to the princi- 
pal rafters, at small distances apart. 
According to the kind of covering to 
be used, thin strips of wood, called 
battens, are secured to the common 
rafter*, and upon these the slates, 
tile-', etc., are secured with pegs, or 
copper nail*. 

Iron roof*, which are much su- 
perior to those of timber, especially 
tor large spans, from their lightness, 
are composed of the same essential 
members as those here described, mal- 
leable rods or fiat bars being substi- 
tuted for the tie-beams and king- 
post*, and the rafters and struts made 
of suftkient stiffness with bars of mal- 
leable L or T-iron, or with cast-iron 
of suitable form and section. In 
these roof* all the meeting-points of 
the several parts of each truss or 
principal are provided with cast-iron 
shoe*, sockets, and connecting-plate*, 
into which the ends of the rafter*, 
struts, and rods are secured with 
screwed bolts and nuts, or gibs and 
keys. 

Iron roofs have been strongly 
recommended on account of their 
resistance to fire ; but it has been 
found that when a fire has got hold 
of a building into which iron beams 
or roofs have been introduced, that 
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the expansion, and therefore the 
thrust, of the iron is so gTeat as to 
throw down the walls, greatly to the 
danger of the firemen or the people 
engaged in the endeavour to save 
life or property. 

It may be useful to know the 
weights of slate, and the resistance 
the wind offers to external force. 
Weight of a square foot of Welsh 
rag slating, 11£ lbs. ; weight of a 
square foot of plain tiling, 16^ lbs. ; 
greatest force of the wind upon a 
superficial foot of rooting may he 
estimated at 40 lbs. 

Room and space, the distance from 
the joint or moulding edge of one 
floor timber to the other, which, in 
all ships that have ports, should be 
so disposed that the scantling of the 
timber of each side of the port, and 
the breadth of the port fore and aft 
(the openings between the timbers 
of the frames, if any, included), be 
answerable. 

Root, in arithmetic and algebra, de- 
notes a quantity which, being multi- 
plied by itself, produces some higher 
power. 

Rope, twisted hemp or wire. Wire 
rope is now used for the construction 
of bridges, and for the standing 
rigging of ships. 

Weight of a common rope of 
hemp 1 foot long and 1 inch in 
circumference, from 0*0-1 to 0*40 lb. ; 
and a rope of this size should not be 
exposed to a strain greater than 
200 lbs. ; but in compounded ropes, 
such as cables, the greatest strain 
should not exceed 120 lbs. ; and the 
weight of a cable i foot in length 
and 1 inch in circumference does not 
exceed 0*027 lb. The square of the 
circumference in inches multiplied 
by 200 will give the number of 
pounds a rope may be loaded with ; 
and multiply by 190 instead of 200 
for cables. Common rope^ will bear 
a greater load w ith safety alter they 
have been some time in use, in con- 
sequence of the tension of the fibres 
becoming equalised by repeated 
stretchings and partial untwisting. 
It has been imagined that the im- 
proved strength was gained by their 
being laid up in store ; but if they 
can there be preserved from deterior- 
ation, it is as much as can be ex- 
pected. 


Rope machinery. The simple and 
beautiful contrivance employed in 
the dockyards for this most useful 
material, for the spinning of hemp 
into yarns, and the final preparation 
of the same into ropes and cables 
for the navy, was invented by the 
celebrated engineer Brunei. The 
process first employed is separating 
the fibres from the hemp, and dis- 
posing them as nearly as possible 
into parallel juxtaposition ; then the 
conversion of these bundles of paral- 
lel fibres into a flattened ribbon-like 
form called a sliver, and the spinning 
of this sliver into a yarn, or simple 
twist. In a valuable treatise in vol. 
v. of the " Papers of the Royal En- 
gineers, ’ will be found illustrative 
plates of the machinery employed in 
this operation in Portsmouth dock- 
yard, together with an elaborate 
description. 

Rosary, a string of beads used in 
the Church of Rome made up of 
five or fifteen tens of beads, each ten 
beginning with a Pater-noster, to 
direct them to say so many Ave 
Marias in honour of the Virgin 
Mary. 

Rose-aniline, a name given by Dr. 
Hofmann to a compound which plays 
the part of a well-defined base in the 
formation of the aniline reds. 

Rose Lake or Rose Madder, a 
richly tinted pigment, prepared by 
precipitating lac and madder on an 
eaithy basis. 

Rose Pink is a coarse kind of lake, 
produced by the dyeing of chalk or 
whiting with a decoction of Brazil 
wood, etc. It is a pigment much 
used by paper-stainers and in the 
commonest distemper paintings, etc., 
but too perishable to merit the atten- 
tion of artists. 

Rosetta-wood is a good-sized East 
Indian wood, imported in logs, 9 to 
14 inches in diameter ; it is hand- 
somely veined. The general colour 
is a lively red-orange. The wood is 
close, hard, and very beautiful when 
first cut, but soon gets darker. 

Rose window, a circular window. 

Rose-wood is produced in the Brazils, 
the Canary Isles, the East Indies, 
and Africa, It is imported in very 
large slabs, or the halves of trees, 
that average 18 inches wide. The 
colours of rose-wood are from light 
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hazel to deep purple, or nearly black; 
the tints are sometimes abruptly 
contrasted, at other times striped or 
nearly uniform. It is very heavy, 
and most abundantly used tor cabinet 
furniture : large quantities are fre- 
quently cut for u-o in veneers. 

Rosin Tin, a pale-coloured oxide of 
tin with a resinous lu-tre is so-called 
by the miner. 

Rosso Antico, a fine-grained maible 
of a deep blood- red colour with 
small white spots or white veins. It 
was used by the ancients for sta- 
tuary. 

Rostrum, the elevated platform or 
stage in the forum of ancient Home, 
from which the orators addressed 
the people : a platform in a hall or 
assembly. 

Rotary Motion, the rotation or 
motion of any body round an axi? 
or centre : the velocity of thU motion 
of bodies is proportional to their dis- 
tance fiom such centre. 

Roteh or Roche, a local term u-ed 
by quarrymen and miners in South 
Staffordshire for a soft and triable 
sandstone. 

Rottenstone, a soft stone used for 
polishing and grinding. It is a 
variety of Tripoli, and consist* 
mostly of silica in a very fine state 
of division. It is ncaily peculiar to 
this country. In Derby *hiie it E 
derived from the decomposition of 
the black marble of Ashfoid. In 
other parts the rotten ^iliccoiti shale 
is prepared as this poli-liing powder. 

Rotunda, i » architecture , an appella- 
tion given to any building that 
round both within anil without - do, 
whether it be a church, saloon, 
theatre, etc. The rotunda at Rome, 
called the Pantheon, and tile chapel 
of the Escunal. the burying place 
of Spanish royalty, etc., arc of tin- 
form. 

Rouge. The ‘rouge veget.de ’ of tin* 
Trench is a species of carmine pre- 
pared from safflower, of cxqui-ito 
beauty and gioat co-t. It.- principal 
uses consist in dyeing -ilks of ro-e 
colour*, and in combining with levi- 
gated talc to form the p lint of the 
toilette, or coMwtie colours emplove> 1 
by the fair. (See Gamine.) 

Roughcast, in building , a kind of 
plaster mixed with pebbles, and 
consequently rough on the surface. 


Rough hole, the name given in South 
Staffordshire to a shallow circular 
hole at the bottom of the cinder-fall 
of a blast furnace in which the slag 
accumulates. 

Roughing hole, in metallurgy , a 
Imliow so termed into which iron 
from the blast furnace is sometimes 
allowed to run. 

Roundhouse, the uppermost deck in 
a ship abaft, sometimes called the 

poop. 

Round Ore, in mining , the best and 
larai'-t of the ore. 

Round Oven, an oven in which air 
is heated for the blast furnace, so 
called from its shape to distinguish 
it from the rectangular oven. 

Rowley Rag, a cry.>taliine green- 
stone constituting Ilowley Hill, near 
Dudley. This rock was used by 
Gregory Watt and Sir James Hall 
in their great experiments on the 
fusion and cooling of rocks. Messrs. 
Chance of Birmingham once made 
architectural materials by fusing this 
rock and ea-ting it in moulds, but it 
did not pay. 

Royal Blue is a deep-coloured and 
beautiful -malt, and is also a vitreous 
pigment, principally u«.cd in painting 
on gla-s and enamelling, m which 
u-e-5 it is very permanent ; but in 
wah i and oil it-, beauty soon decays, 
as i> no uncommon case with other 
: > : 

! , ' ' ' 

. -i -i; 

mice, veiv inferior to other cobalt 
bin < 

Rubble, coarse walling constructed 
of rough ‘'tone**, small, irregular in 
size an/1 shape ; a mixture, or the 
rvfu-c of several kintU of building- 
stone u-cd for walls exteriorly, or 
between wall*, to fill up. 

Rubble work, stone w hick lias under- 
gone but little, if any, dressing. 

Rubelle-enamel, t lie de-ign, after 
having been winked out in relief on 
the plate, or otherwise, of earthen- 
war.*, 1 -, coven, d with an enamel of 
one colour. Those parts of the de- 
sign where the layer of this enamel 
i- thinnest show the lightest colour, 
while those where the impression of 
the design has been deepest, appear 
dai best. 

Rubens’ Brown. The pigment still 
in use in the Netherlands under 
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this appellation is an earth of. a 
lighter colour and more ochreous 
texture than the Vandyke brown of 
the London shops ; it is also of a 
warmer or more tawny hue than the 
latter pigment, and is a beautiful 
and durable brown, which works 
well both in water and oil, and 
much resembles the brown used by 
Teniers. 

Rubiacine, the yellow colouring mat- 
ter of madder. 

Rubicelle, the name given to yellow 
or orange- red varieties of spinel or 
rub)'. (Sec Ruby . ) 

Rubidium, a metai first observed by 
M. Bunsen, during the analysis by | 
means of the spectrum of the water i 
from a mineral spring at Diiikheim, | 
in the Palatinate ; he gave it the 
name of rubidium because of the ox- 1 
istence ot two ruby- red bands in the 
spectrum of a flame coloured by I 
this body. From forty tons of the 
miueval water, M. Bunsen was only 
able to procure nine grammes of the 
chloride of rubidium. In its chief 
chemical properties it closely re- 
sembles potassium. Since its dis- 
covery, rubidium has been traced by 
chemists through the three kingdoms 
of nature. (See Met ah.) 

Rubric, or Madder Lakes. These 
pigments are of various colours and 
are known by the name of io-e, 
rubiate, rose madder, pink madder, 
and Field’s lakes. 

Rubsen Cake, an oil-cake made from i 
the seeds of the Brass ica pracox, \ 
much used on the Continent. 

Ruby, a variety of the sapphire, of a 
carmine ml colour. 'Ihe Oihntal 1 
ruby is nearly as bard as the dia- 
mond, and its value as a precious 
stone is almost as great. When of a 
full carmine red, this gem is known 
as the Spinel Ruby, when of a pale 
rose red it is the Balas Ruby, when 
of an orange red it goes by the 
name of Vermeil , and when of a 
yellowish red, Rubicelle. A perfect 
ruby of one carat is worth 10 
guineas, of two carats 42 guineas, 
and three carats 130 guineas. Bris- 
tow’s Glossary of Mineralogy, (bee j 
Sapphire.') 

Rudder, a mass hinged to the stem 
which guides the ship. The main- 
piece and the bearding-piece are 
always oak, and the rest generally fir. 


The i udder should be bearded from 
the side of the pintles, and the fore- 
side made to the form of the pintles ; 
but when they are bearded to a sharp 
edge at the middle line, which is the 
customary way, it reduces the main- 
piece more than is necessary, which 
is easily perceived in large ships; 
for when the rudder is braced over, 
the bearding will not lie close to 
the stem-post by nearly f of an 

inch. An iron instrument used in 

mining. 

Rudder irons, or pintles, the irons 
which are fastened to the rudder in 
order to hang it up to the stern-post : 
sometimes there are two of them cut 
short to work in a socket in the 
brace, which makes the rudder work 
easier. 

Rudenture, in architecture , the figure 
of a rope or staff', sometimes plain, 
sometimes carved, with which the 
third pait of the ilutings of columns 
arc frequently filled up. 

Ruderation, in building , a term used 
by Vitruvius for laying of pavement 
With pebbles. To perform the 
ruderation it is necessary that the 
ground be well beaten, to make it 
firm, and to pi event it from crack- 
ing; then a stratum of little stones 
is laid, to be afterwards bound to- 
gether with mortar made of lime 
and sand: if the sand be new, its 
proportion may be to the lime as 
three to one ; if dug out of old 
pavements or from walls, as five to 
t wo. 

Rugose, full of wrinkles, applied to 
fo^ils or rocks. 

Rumble, or Shaking machine, ‘a 
contrivance -oniet lines used for po- 
lishing small article-, principally by 
their attrition against each other/ 

Running-out fire, a name given to 
the refinery furnace or hearth. 

Running-rigging, in navigation, de- 
notes all that portion ol a ship’s rigg- 
ing which pas-.es tlnoughtke blocks, 
to dilate, contract, or traverse the 
sails. 

Rush-polishing. The Dutch rush, 
the Rqnisetum hyemale. The bark 
is so siliceous that it is used iu 
polishing, and for smoothing the sur- 
face of plaster casts. 

Russet, Rubiate, Madder Brown, 
or Field’s Russet, is, as its names 
indicate, prepared from the Ruhia 
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tinctoria , or madder root. It is of 
a pure, rich, transparent, and deep 
russet colour, of a true middle hue 
between orange and purple, not sub- 
ject to change by the action of light, 
impure air, time, or mixture of other 
pigments. It has supplied a great 
desideratum, and is indhpemable in 
water-colour painting, both as a local 
and auxiliary colour, in compound- 
ing and producing with yellow the 
glowing hues of autumnal foliage, 
etc., and with blue the beautiful and 
endless variety of aerial grays. 

Rust, the oxide or tarnish which 
coats metals. 

Rustication, the general name for 
that species of masonry in which the 
several courses of the stones in each 
course are distinctly marked by sunk 
joints or grooves, either chamfered 
or otherwise cut. Rustication ad- 
mits of great variety of treatment, 
consequently of expression also; for, 
quite contrary to what its name 
literally imports, it is frequently 
made to show the very reverse of 
careless rudeness, namely, studied 
ornamentation, by means "of highly 
finished moulded" joints, etc.: "and 
even when the faces of the rustics or 
stones are vermiculnted , or otherwise 
made rough, it is left to be seen that 
it is done purposely or artificially, 
more especially when the vermic il- 
lation, etc., is made to show a sort 
of panel surrounded by a smooth 
border. 

Ruthenium, the most refractory 
metal after osmium. (See Metals.) 

Rute, in mining , the very small threads 
of ore. 

Rutile, Rhuthile, native oxide of 
titanium, coloured by iron. (See 
Sphenc .) 
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Sabica, or Savicu Wood, a timber 
grown in Cuba, and much used for 
ship-building. It is the produce of 
the Lysrloma sabica. 

Ba^ellum, a monumental chapel with- 
in a church. 
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Sacr ament shaus, a highly decorated 
shrine for holding the sacrament; 
found in Germau churches. 

Sacrarium, a small family chapel in 
a Roman house ; a place for tho 
deposit of anything sacred. 

Sacristy, a room attached to a church, 
where the sacred vestments and the 
utensils belonging to the altars were 
placed ; termed also the sextry, the 
vestry, etc. 

Saddle, in ship-building, a piece fitted 
on the upper end of the lacing. 

Saddle -backs, in fishery, a name 
given to a bastard kind of oyster 
by the fishers ; they are considered 
unfit for human food. 

Safety Cages and Catches, in min- 
ing. The cages are constructed for 
raising anil lowering the miners. 
They travel upon guides of either 
wood or iron, fixed against the sides 
of the shaft, and are fitted with 
levers and catches, or one of them, 
so that in the event of a rope break- 
ing, the levers or catches fly out, and 
either press against the guides or 
clip them, by which the cage is 
prevented from falling. They are 
not, however, very commonly adopt- 
ed, as it is found in practice that the 
sudden shock, when the cage is 
brought to rest, does all the injury 
of a violent blow. It appears the 
use of safety apparatus leads to 
neglect of the ropes and chains, and 
consequently to accidents, which 
would not arise if those were care- 
fully looked after. 

Safety-lamp, a wire-gauze lamp, the 
invention oi Sir Humphry Davy, 
constructed for the purpose of giving 
light in mines where fire-damp pre- 
vails. The principle of the safety- 
lamp lies in the fact that flame will 
not pa -a through a fine net-work of 
wire. The flame of the lamp is sur- 
rounded by a cylinder of wire- 
gauze ; through this the air passes 
freely, even if charged with fire- 
damp. If the air is explosive, it is 
fired within the gauze, but the 
explosion is not communicated to 
the explosive air without. The 
character of the flame gives a 
warning to the collier, and in some 
lamps the flame is extinguished a3 
*>oon as the air in the mine becomes 
dangerous. 

Safety -plug, in locomotive engines , a 
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bolt haying the centre filled with a 
fusible metal. It is screwed into the 
top of the fire-box, that the metal 
may melt out by the increased tem- 
perature when the water becomes 
too low, and thus admit the water 
to put the fire out, and save the 
tubes and fire-box. When the water 
is allowed to fall below a proper 
height, there is great risk of spoiling 
both the fire-box and tubes by the 
intense action of the fire. This is 
called ‘burning them;’ and tubes 
subjected to such a trial are unfit for 
use again, as the tenacity of the 
metal has been destroyed. 

Safety-valves, in locomotive engine s, 
two valves placed on the boiler fir 
the escape of steam when it exceeds 
the pressure limited by the load on 
these valves. One of them is placed 
beyond the control of the engine- 
man, and is usually called the lock- 
up valve. The other is regulated by 
a lever and spring-balance, at a little 
lower pressure than the lock-up 
valve. The apertures for the salety- 
valves require no calculation. It is 
only necessary to have the aperture 
sufficient to let the steam off from 
the boiler as fast as it is generated, 
when the engine is not at work. 
The safety-valve is loaded sometimes 
by putting a heavy weight upon it, 
and sometimes by means of a lever 
with a weight to move along to suit 
required pressure. 

Safety-valve lever, in locomotive en- 
gines , the lever fixed at one end to a 
stud, and resting on the valve at a 
short distance from this stud. Its 
length is proportioned to the area of 
the valve, so that the spiing-balanee 
may indicate accurately the procure 
in lbs. per square inch on the boiler, 
above the atmosphere. 

Safflower, the bastard saffron, Car- 
t/iamus tinctorius. 

Safflower Oil, an oil expressed from 
the Carthamus tinctorius . 

Saffron, produced from Crocus sa - 
tivus. It is not a permanent colour. 

Saffron of Antimony, crocus of 
antimony, a chloride of that metal, 
an old alchemical preparation. 

Saggers, earthenware vessels into 
which the pottery is placed for 
baking in the kiln. 

Sagging, in ship building, a term the 
reverse of hogging , being applied to 


the hull of a ship when the middle 
part of her knee and bottom arch 
downwards. 

Sagitta, in architecture , a name some- 
times used for the key -piece of an 
arch. 

Sailing, plain, in navigation , is that 
which is performed by means of a 
plane chart, in which the parallels 
of latitude and longitude are every- 
where equal. 

Saints’ bell, a small bell used in the 
Homan Catholic worship, to call 
attention to the more solemn parts 
of the service. 

Sal-ammoniac, muriate or hydro- 
chlorate of ammonia, much used in 
metallurgical processes. 

Salep, ffcula of a tuber-bearing or- 
chid, the Orchis mascula. The tubers 
are well dried and pre-erved as food. 

Sallow is a variety of the willow, and 
is white with a pale red cast. The 
wood is very soft and is only useful 
for very simple things such as chil- 
dren’s toys. When planed into chips 
it is used for bonnets and baskets. 

Sal-mirabile, or Wonderful Salt, 
the old name for Glauber salts, or 
sulphate of soda. 

Salt, muriate of soda, or chloride of 
sodium. Table salt is found as rock 
salt and in brine springs in Cheshire 
and Worcestershire. 

Salt-cellars, in Tudor times, were 
pieces on which the taste and fancy 
of goldsmiths were severely exer- 
cised. These artists were held in 
high estimation, and ranked with 
architects and sculptors. Benvenuto 
Cellini, in the time of Ilenry VII., 
was the greatest designer and chaser, 
or sculptor in gold and silver, in 
Europe : he visited England at this 
period, and excited much attention. 

Salt of Lemons, binoxalate of pot- 
ash. Sold under this name for re- 
mo\ing iron stains from linen. 

Saltpetre, the commercial name for 
nitrate of potash or nitre. 

Salts. This word is used in a chemical 
si li-c to imply a compound of an acid 
and a base. When the acid and base 
peifeetly neutralise each other the 
salt* are called neutral. 

Sample, in mining. To determine the 
value of a pile of copper ore, the 
heap is cut into four parts, and a 
portion of each is taken. This is 
again divided, and other portions 
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taken, and from this is taken about 
two or three pounds weight, which 
is the sample to be assayed. 

Sanctuary, the presbytery or eastern 
part of the choir of a church in which 
the altar is placed. 

Sanctum-Sanctorum, or holy of 
holies, the most sacred part of the 
temple of Jerusalem, containing the 
ark of the covenant. 

Sanctus-bell, same as Saints’ Bell. 
It is particularly used at the eleva- 
tion of the Host. 

Sand is the term applied to any mi- 
neral substance in a granular state, 
where the grain is of an appreciable j 
size, and insoluble in water. It is 
more particularly denominated from 
the prevailing substance, as siliceous 
sand, iron sand, etc. Sand is of gene- 
ral use for the mixing of materials 
in building : river sand is preferable 
to sea sand, as the salt which remains 
in sea sand is liable to keep the walls 
of a building damp. 

Band-bed, in metallurgy , the bed in 
which the iron from the bla^>t furnace 
is run into. The side troughs in 
the sand-bed are called pigs , the 
feeding channels are termed sows. 

Sand-boxes, in locomotive engines , 
boxes filled with sand, usually placed 
near the driving wheels, with a pipe 
to guide the sand to the rails, to be 
used when slipping takes place. 

Sand-stone, a porous kind of stone, 
generally known by the name of 
free-stone. It is composed of small 
particles of quartz in rounded grains, 
united by an argillaceous or calca- 
reous cement. 

Bar :7 f 1 . 1 
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perfume in the funereal ceremonies of 
the Hindoos. The deeper the colour, 
which is of a yellow brown, and 
nearer to the root, the stronger Utlie 
perfume. It is imported in trimmed 
logs from 3 to 8, and rarely 14 inches 
in diameter, and the wood is in gene- 
ral softer than box-wood, and easy 
to cut ; it is used for parts of cabi- 
nets, necklaces, ornaments, and fans. 

Sandarac, a transparent brittle resin 
of a pale yellow colour • it is obtained 
from the African arbor vitce (thuya 
articulata). 

Bander’s Green, mountain green; 
a carbonate of copper. 
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Sandiver. The scum on glass-pots, 
kuown also as * glass-gall.’ The 
name is a corruption of the French 
Saint de Ferre. 

Sanguine. This colour, as the name 
implies, is a deep blood red ; it is a 
preparation of oxide of iron. 

Sanidine, glassy felspar. 

Sanitary Precautions, the precau- 
tions necessary to secure the purity 
of the air we breathe and the water 
which we drink. The natural excreta, 
if not removed from the midst of a 
town, become the putrid nest of fe- 
versof all kinds, and soaking through 
the soil all the wells are poisoned 
with the organic matter. Life is 
rendered a curse, disease is the normal 
condition, and death a real relief to 
those who do not adopt sanitary 
precautions. Ralph Dodds, an eminent 
engineer of the last century, writes, 
in his exhortation for a better sup- 
ply of pure water, the following: 
‘ I cannot help noticing that part of 
the south metropolis, St. George’s 
Fields, lies 4 or 5 feet below the flow 
of high water, and is so badly drained, 
and I may say, so saturated with 
filthy water, with other deposits of 
every species of dirt and filth from 
the City and Southwark, that it must 
be the first place to invite pestilence, 
should it ever be generated in this 
part of the country. I hope this 
will meet the eye of those who wait 
only for the information to improve 
its situation.’ The drainage of 
London in 187G is in a very different 
state. About seven-eighths of the 
sewage matter has been removed 
from the Thames, and is carried by 
the finest sewers in the world to 
Barking Creek. The sewage from the 
loiv-level ^ewer, as soon as its con- 
nection with the Iianelagh is made, 
will all be pumped into the higher 
or main sewer, and then none will 
flow into the river above Barking. 

Sapan-wood, or Buckum-wood, is 
a middle-sized tree, indigenous to 
Siam, Pegu, etc. : for purposes of 
dyeing it is inferior. 

Sap-green, or Verde Vessie, is a 
vegetable pigment prepared from the 
juice of the berries of the buckthorn. 
It is indeed the colouring matter of 
green leaves or chlorophyl, etc.: it 
is usually preserved in bladders, and 
is thence sometimes called bladder 
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green; when good, it is of a dark 
colour and glossy fracture, extremely 
transparent, and of a fine natural 
green colour. Though much em- 
ployed as a water colour without 
gum, which it contains naturally, it 
is a very imperfect pigment, disposed 
to attract the moisture of the atmo- 
sphere and to mildew ; and having 
little durability in water-colour paint- 
ing, and less in oil, it is not eligible 
in the one, and totally useless in the 
other. 

Saphera, ZafFer, a mineral substance 
produced in smalt (cobalt) w T orks. 

Sapphire, a pellucid gem, which in 
its finest state is extremely beautiful 
and valuable, and inferior only to the 
diamond in lustre, hardness, and 
value. Its proper colour is pure 
blue ; in the finest specimens it is of 
the deepest azure, and in others it 
varies into paleness, in shades of all 
degrees between that of a pure crystal 
brightness and water without the 
least tinge of colour, but with a lustre 
much superior to the crystal. (See 
Ruby.') 

Saracenic Architecture is a species 
of architecture derived by the 
Europeans from the Arabs, or Sara- 
cens, during the crusades. (See 
Architecture .) 

Saral, a variety of chalcedony of a 
brownish-red colour. 

Sarcophagus, a stone coffin or grave 
in which the ancients laid those they 
had not a mind to burn. 

Sard-onyx, a siliceous stone ; a kind 
of onyx of a reddish-yellow colour. 
It is the onyx with layers of sard, 
and nearly opake calcedony. It 
was much valued by the ancients for 
engraving cameos. 

Sash, a chequered frame for holding 
the squares of glass in windows, and 
bo formed as to be let up and down 
by means of pulleys inserted, or 
other contrivances. The ordinary 
sashes are either single or double 
hung. 

Sassafras is a species of laurel, and 
the root is used in medicine : it 
measures from 4 to 12 inches in 
diameter. The wood is sometimes 
used for cabinet-work and turnery. 

Sassoline, native boracic acid. 

Satin-spar, sulphate of lime : a fib- 
rous kind of gypsum ; it is very soft, 
and when polished has the appear- 


ance of satin. Another kind of satin 
spar consists of fibrous carbonate of 
lime. It is frequently used for orna- 
mental purposes. 

Satin-wood, a beautiful veneering 
wood produced from the Chloroxylon 
Sieietenia ; imported both in square 
logs and planks. The next in 
quality comes from the Bahamas 
in logs from 9 to 30 inches 
diameter. The wood is close, not 
so hard as box-wood, but somewhat 
like it iu colour, or rather more 
orange ; some pieces are very beauti- 
fully mottled aud curled. It is much 
used for internal decorations and 
furniture. It is also used for many 
other purposes for its light and 
agreeable tone. 

Saturation, a term employed to ex- 
press the condition of a body which 
has taken its full dose or chemical 
proportion of any other substance 
with which it can combine : as water 
with, or an acid with, an alkali. 

Saturn, extract of, the old name of 
the subacetate of lead. 

Saucers, small deep dishes, for sauces, 
etc., and also used as stands for 
va>es, and other vessels filled with 
wines, to prevent the liquor being 
spilt upon the table. In the reign 
of Elizabeth, dishes and platters, 

• which before her time were quite 
flat, began to assume their present 
form. 

Saucisse, Saucisson, a long pipe or 
bag of cloth or leather filled with 
powder to communicate fire to mines 
or bomb-chests. 

Saul, or Sal, an East Indian timber- 
tree. This wood is in very general 
use in India for beams, rafters, and 
various building purposes; is close- 
grained and heavy, of a light brown 
colour, not so durable, but stronger 
than teak, and is one of the best 
timber trees of India. 

Saunders Wood. (See Red Saun- 
ders Wood , and Sandal Wood.) 

Saunders Blue (a name corrupted 
from ceiidres-bleu), the original de- 
nomination probably of ultramarine. 
Applied now to an artificial blue, 
prepared from carbonate of copper. 

Saw, a toothed instrument which 
serves to cut into pieces several solid 
matters, as wood, stone, ivory, etc. 
The best saws are of tempered steel, 
ground bricht and smooth ; those of 
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iron are hammer-hardened: hence 
the first, besides their being stiffer, 
are likewise found smoother than the 
last. They are known to be well 
hammered by the stiff bending of 
the blade, and to be well and evenly 
ground by their bending equally in 
a bow. The edge in which are the 
teeth is always thinner than the back, 
because the back is to follow the 
edge. The teeth are cut and shar- 
pened with a triangular file, the blade 
of the saw being first fixed in a whet- 
ting-block. 

Saw-file, a triangular file for sharpen- 
ing saws. 

Saw-mills, machinery employed to 
saw timber, and for cutting deals and 
the several kinds of timber into the 
several scantlings, sizes, forms, or 
shapes. 

Saxon Style of Architecture. This 
is easily recognised by its massive 
columns and semicircular arches, 
which usually spring from capitals 
without the intervention of the en- 
tablature. In the first Saxon build- 
ings, the mouldings were extremely 
simple, the greater part consisting 
of fillets and plat-bands, at right 
angles to each other, and to the 
general surface. (See Architecture.') 

Saxon Blue, indigo dissolved in con- 
centrated sulphuric acid, forming a 
deep blue liquid used by dyers. 

Seabellum, in ancient architecture , 
a kind of pedestal, commonly termi- 
nating in a sort of sheath or scab- 
bard, used to support busts, etc. 

Scafflings, in mining , the remains of 
the ore after dreeing it for sale. 

Scaffolding, in metallurgy , a lodg- 
ment of a mass of the solid materials 
in some part or other of the interior 
of a blast furnace. 

Scaglia, the red limestone of the 
Alps. 

Scagliola, in the arts, a composition, 
an imitation of maible, laid un brick 
in the manner of stucco, and worked 
off with iron tools. 

Scala, a ladder, a staircase, from Scala 
Santa, a building at Home, erected 
from the designs of Fontana with 
three flights of stairs. The building 
is so called because the middle flight 
consists of twenty-eight steps, which 
are said to have been passed over 
by our Saviour in his progress to 
the house of Pilate. They were said 
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to have been sent from Jerusalem to 
Home by St. Helena, and were objects 
of reverence to Roman Catholic pil- 
grims. 

Scale, in painting, a figure subdivided 
by lines like a ladder, which is used 
to measure proportions between 
pictures and the things repre- 
sented. 

Scaling Oven, an oven for scaling 
sheet iron for the preparation of tin 
plates. 

Scale oxide, in metallurgy, Fr. Oxide 
des hattitures. The scales of oxide of 
iron formed on the heated metal. 

Scalptura, working in precious 
stones. 

Scamillus, a small plinth below the 
bases of Ionic and Corinthian co- 
lumns. 

Scantling, the transverse dimensions 
of a piece of timber in breadth and 

thickness. It is also the name of a 

piece of timber, as of quartering for 
a partition, or the rafters, purlin, or 
polo-plate of a roof. All quartering 
under 5 inches is termed scantling. 

In masonry , the size of the 

stones in length, breadth, and thick- 
ness. 

Scapple : to scapple a stone is to re- 
duce it to a straight surface without 
working it smooth. 

Scapus, in architecture , the shaft of 

a column. In botany , a flower- 

stalk springing straight from the 
root, as in the primrose, snowdrop, 
etc. 

Scarcement, a plain flat set-off in a 
wall. 

Scarf, to lap the ends of plank or tim- 
ber one over the other, so as to ap- 
pear as one solid piece, as keel-pieces, 
damps, etc. 

Scarfed, in carpentry, signifies pieced 
or joined, being a particular method 
of uniting two pieces of timber by 
tlieir extremities. 

Scarfing, called by the French Traits 
dcJupitre, from the resemblance of 
the zig-zags of the scarfing to the 
forked lighting. 

Scarlet Bake is one of the lakes pre- 
pared from cochineal. It is of a 
beautiful transparent red colour and 
excellent body, working well both in 
water and oil, though, like other lakes, 
it dries slowly. Strong light disco- 
lours and destroys it, both in water 
and oil ; and its tints with white 
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lead, and its combinations with other 
pigments, are not permanent : yet 
when well prepared and judiciously 
used in sufficient body, and kept 
from strong light, it has been known 
to last many years ; but it ought 
never to be employed in glazing, nor 
at all in performances that aim at 
high reputation and durability. 

Scarp, in heraldry , signifies the scarf 
worn by military commanders. 

Scauper, an engraver’s tool which has 
a semicircular face. 

Scena, the permanent architectural 
front which faced the audience 
part of a Roman theatre ; it some- 
times consisted of three several 
ranges of columns one above an- 
other. 

Scenography, in perspective , the re- 
presentation of a body on a perspec- 
tive plane ; a description thereof in 
all its dimensions, such as it appears 
to the eye. 

Scheele’s Green, a beautiful green 
pigment ; it is a pulverulent ar&enitc 
of copper. 

Schmelze, a kind of glass made in 
Bohemia, chiefly for the purpose of 
receiving the red colour imparted by 
the oxide of gold. 

Schola, the margin or platform sur- 
rounding a bath. It was occupied 
by those who waited until the bath 
was cleared. The schola was also a 
portico corresponding to the cxedra 
of the Greek palaestra, and was in- 
tended for the accommodation of the 
learned, who were accustomed to as- 
semble and. converse there. 

Schools of Painting. A school in 
the fine arts denominates a class of 
artists who have learned their art 
from a certain master, either by re- 
ceiving his instruction or by study- 
ing his works, and who of conse- 
quence discover more or less of his 
manner fiom the desire of imitation, 
or from the habit of adopting his 
principles. As the artists of different 1 
countries commonly adopt a style I 
which is in many particulars the 
same, it is usual to speak of the 
schools as belonging to a particular 
district. All the painters which 
Europe lias produced since the reno- 
vation of the arts are classed under 
the following Schools : the School of 
Florence, the School of Rome, the 
School cf Venice, the Lombard School, 


the French School, the German 
School, the Flemish School, the 
Dutch School, the Spanish and the 
English School. 

Schooner, in navigation , a small 
two-masted vessel whose mainsail 
and foresail are suspended from 
gaffs and stretched out below by 
booms. 

Schweinfurth Blue appears to be the 
same in substance as Scheele’s green, 
prepared without heat, or treated 
with an alkali and digested in water. 
It is a beautiful colour, liable to the 
same changes, and is of the same 
habits as blue verditer. 

Schweinfurth Green, a green pig- 
ment which is more beautiful and 
more velvety than Scheele’s green. 
It was discovered by jMM. Rusz and 
Sattler in 181 1, at Schweinfurth ; the 
discoverers kept its composition a 
secret until 1822, when M. Liebig 
made it known, and it has since been 
prepared in a great many colour 
works. It is a compound of arsenite 
and acetate of copper. 

Sciography, in mchitecture , the pro- 
file or section of a building, to show 

the inside thereof. In astronomy , 

the art of rinding the hour of the day 
or night by the shadow of the sun, 
moon, or stars. 

Sconce, in manufacture , a pensile 
candlestick, generally with a mirror 
to reflect the light. 

Scotch Stone. (S ee Hones.') 

Scotia, the hollow moulding in the 
base of an Ionic column, derived from 
the Greek, signifying shade, because, 
from being hollow, part of it is 
always in shadow. The scotia is 
likewise a groove or channel cut in 
the projecting angle of the Doric 
corona. 

Scovan-lode, in mining, a lode having 
no gozzan on its back or near the 
surface. 

Scraper, a piece of iron used to take 
out the pulverised matter which re- 
mains in a hole when bored previous 
to blasting. Also a tool with a triune 
blade each edge of which is sharp, 
used by engravers. 

Screen, a movable framework to keep 
off an excess of light, or heat, or cold ; 
a separation ; a partition. In ecc/e- 
siastical architecture , a screen de- 
notes a partition of stone, wood, or 
metal ; usually so placed in a church 
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as to shut out an aisle from the 
choir, a private chapel from the 
transept, the nave from the choir, 
the high altar from the east end oi 
the building, etc. Some very beau- 
tiful examples exist of screens, espe- 
cially of those separating the choir 
from the nave. That of York is 
of a magnificent character. ‘All 
Saints’ Church, Maidstone,’ a work 
p'df.Mied in 4to, is of an interesting 
description on this head. In modern 
cc/chitectuie , a siiule open colonnade, 
admit ting a view thiough it, is called 
a screen of columns : such was that 
formerly in front of Carlton House. 
Gro&venor House has a Doric screen 
in front of it. 

Screen bulk -head, in skip-building , 
that which is under tne round- 
house. 

Screen, Coal, an apparatus for sepa- 
rating the small from the large coal, 
by passing the coal over a sort of 
gridiron. The small passes thiougli 
and the larger coal rolls on into the 
truck, or into the ship, placed to 
receive it. This large coal is called 
screened coal. 

Screw, a spiral groove or thread 
winding round a cylinder so as to 
cut all the lines drawn on its surface 
parallel to its axis at the same angle. 
The spiral may be either on the con- 
vex or concave surface of the cylin- 
der, and it is called accordingly 
either the screw or the nut. The 
screw can hardly be called a simple 
machine, because it is never used 
without a lever or winch to move it 
home, and then it becomes an engine 
of amazing power and utility in pres- 
sing together substances that have 
little cohesion, or in raising to short 
heights ponderous bodies. The smith, 
the carpeuter, the printer, and the 
packer, all use screws in their re- 
spective occupations. Bales of wool, 
cotton, hay, etc., may be compre c sed 
by means of a screw into packages, 
the specific gravity of which shall 
be much heavier than an equal vo- 
lume of water. Moreover, many of 
our domestic operations are per- 
formed by means of pres>es or screws : 
as the making of sugar, oil, and 
wine. The screw possesses one great 
advantage over the inclined plane, 
from which its principle of action 
may be said to be derived. The 


great attrition or friction which takes 
place in the screw is useful by re- 
taining it in any state to which it 
has once been brought, and con- 
tinuing the effect after the power 
is removed. It is thus the cabinet- 
maker’s cramp, the smith’s vice, and 
all those instruments made by ma- 
thematical instrument-makers in 
which screws act. can be employed 
with certainty. Screws are made 
with threads of various forms ; some 
have sharp, others square or round 
threads. 

Screw-jack, a strong screw for lift- 
ing or supporting a heavy weight : 
it rests, by means of a large nut, 
upon a hollow base or pedestal, and 
is raised or lowered by turning the 
nut. 

Screw-propeller. Screw-propellers, 
lor navigation, by means of steam 
power, have become objects of im- 
portance to all nations, more par- 
ticularly for those who navigate the 
ocean. Screw-propellers are espe- 
cially applicable for vessels of war, 
the machinery for propulsion being 
without the reach ofshot. Screw-pro- 
pellers, however variously they may 
be modified, all derive their power 
of propelling bv being placed on an 
axis which is parallel to the keel, and 
by having threads or blades extend- 
ing from the axis, which form seg- 
ments of a helix or spiral, so that, 
by causing the axis to revolve, the 
threads worm their way through the 
water, much in the same way as a 
carpenter’s screw inserts its way into 
a piece of wood. There is, however, 
considerable difference between the 
action of a carpeuter s screw, and of 
the screw-propeller ; the latter, act- 
ing upon a fluid, cannot propel the 
vessel without causing the water to 
recede, while the carpenter’s screw 
progresses through the wood without 
an}' such recession. The law which 
governs the distance which the water 
recedes is common to the paddle- 
wheel. and to all bodies moving in 
the water. The screw-propeller is 
not of recent construction; we find 
that so early as 1727, Mr. Duquet 
invented an hydraulic screw ma- 
chine, which he placed between two 
boats, connected by transverse bear- 
ing, to which the screw was affixed. 
Mr. Paucton, in 1768, published his 
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‘Theory of the Screw of Archimedes ; ’ 
other inventions followed, until a re- 
cent date, when Mr. George Rennie 
applied his comprehensive mind to 
the subject. Sir John Rennie and 
Mr. George Rennie undertook, when 
all other engineers declined the 
order, to construct the engines for 
the Ship-Propeller Company formed 
in 1836, to work out Mr. F. P. 
Smith’s patent for the application of 
the screw to propel steam vessels, by 
placing it in a space to be left tor 


that purpose, in that part called the 
* dead-wood ; ’ that is, the solid 
wood-work between the stern-post 
and the keel of the vessel. This 
screw-propeller vessel was at length 
launched, and the engines, by the 
Messrs. Rennie, constructed. This 
vessel, named the ‘Archimedes,’ of 
232 tons and 80-horse power, was 
brought out in 1840; the success 
was complete, and the publicity 
given to her performances by her 
spirited owners, who took her round 
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Great Britain and showed her powers 
in every port, rendered the capa- 
bilities "of the screw no longer a 
matter of doubt ; she was in the tir^t 
instance fitted with a single-threaded 
screw, as shown in the accompany ing 
diagram. 

Other patents were subsequently 
taken out, and many experiments 
made. In 1*38, Mr. Ericsson ob- 
tained a patent for a propeller con- 
sisting of six blades, a a a a a a . set 
at equal distances round a cylinder 


concentric with the axis b: the 
blades and arms were segments of a 
screw. The Archimedean screw is a 
helix, consisting of an inclined plane 
wound round a cylinder. When 
such a screw has communicated a 
retrograde motion to the water equal 
to its own recession, the further con- 
tinuance of the thread will not only 
be useless, but will occasion a fric- 
tion by its unnecessary surface. Mr. 
Rennie proposed to make the screw 
spiral instead of helical ; the thread 



of his propeller would thus be gene- 
rated by winding an inclined plane 
round a logarithmic cone or spire. 
The accompanying diagram "will 
probably best explain the method 
adopted. 

. Various other methods have since 
been suggested and adopted ; one by 
Sir. Blaxland. This propeller shaft 
rests upon a bearing in the false 
ctcrn-post, which is fitted with a 
etuffing-box. There is an open space 
on the dead-wood, in which the pro- 
peller works, similar to that of the 
, 382 > 


‘ Archimedes,’ but the propeller rests 
entirely upon the bearing, instead of 
having an after-bearing like the 
screw of that vessel. Captain Car- 
penter’s invention was adopted by 
the Admiralty in the pinnace 1 Gey- 
ser,’ commanded by himself. There 
are in this case two propellers, which 
are placed in the quarters. They re- 
ceive motion by means cf a rotatory 
engine, called the dko engine. The 
propellers differ from all others, con- 
ferring merely of two flat trapeziums 
attached by arms to the axis : they 
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are therefore not portions of a screw, 
though this action is helical. In 
May, 1843, Mr. Rennet Woodcroft 
was directed by the Lords of the 
Admiralty to make a screw at his 
own cost, which they caused to be 
tried in the ‘ Rattler.’ This screw was 
made of copper, having four blades ; 
and it corresponded in every respect 


with a screw of a uniform pitch, also 
made of copper, in the number of its 
blades, its diameter, length and pitch, 
with this exception, that although 
they each commenced with the same 
pitch, yet Mr. Woodcroft’s screw 
gradually increased in its pitch 
throughout, and terminated with an 
increase of 5 per cent, additional 




pitch. The trial of Smith’s four- 
bladcd Archimedean or true screw 
took place in the ‘ Rattler,’ on the 
18th of March, 1844 ; and on the 13th 
of the following month, a trial of 
Woodcroft’s increasing-pitch screw, 
of four blades, was made with the 
same vessel. After this trial, Mr. 
Lloyd, the chief engineer of the Ad- 


miralty, who had been present to 
superintend it, stated to Mr. Wood- 
croft, who had also been present, iKat 
the latter screw was superior to the 
uniform pitch screw in two import- 
ant qualities; first, that it propelled 
the vessel at an equal speed with 
le>s power; and, secondly, that it 
also propelled the vessel at an equal 
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speed with fewer revolutions of the 
screw, which latter quality he con- 
sidered superior to the former; but 
that the difficulty arising from hav- 
ing to drive screws so fast, consti- 
tuted the greater obstacle to their 
introduction in the Royal Navy. In- 
deed, this is the admitted difficulty 
in the application of the screw as a 
marine propeller, and the practical 
difference between it and the paddle- 
wheel. The great size of the latter 
enables the speed of the engines to 
accomplish the required velocity of 
the boat, whereas the small diameter 
of the screw renders it necessary that 
it should perform many more revo- 
lutions than the engine makes strokes. 
Hence the necessity of introducing 
some multiplying gearing between 
the engine and the propeller; and 
this multiplying gear, consisting of 
cast-iron cog-wheels and pinions, is 
necessarily liable to frequent break- 
age and damage. The great object 
has now been achieved’ in the ap- 
plication of the screw as a marine 
propeller, that is the introduction of 
intermediate gearing for multiplying 
the velocity, which shall not be liable 
to get out of order. Smith’s screw, 
however, with some modifications 
of his former patent, now dimi- 
nished to two blades, is used in the 
navy, as well as a more recent 
invention of Mr. Griffiths, whose 
trials have been generally successful. 

Berew-cutting Machine. The ma- 
chinery adapted to this purpose 
varies in construction according to 
the notions of the different makers, 
but the general principle is the 
same in all, the difference consisting 
in the method of carrying it into 
effect. The machine is a compound 
of the 4 slide-rest ’ and lathe, with a 
train of wheels to give motion to the 
former. The metal to be cut into a 
screw is placed between the centres 
of the lathe in the usual manner, and 
the cutting-tool is fixed upon the 
slide rest, which has its lower side 
made parallel to the centre line ; the 
upper slide is only used for adjusting 
the cutting-tool. The screw of the 
lower slide has motion communicated 
by the train of three or more wheels ; 
the liist, or driving w heel, is fixed on 
the mandril of the lathe, and the last 
of the train is fixed on the end of the 
384 


slide-screw; the other wheels are 
intermediate wheels. The pitch of 
the screw to be cut, or distance 
between the centres of two consecu- 
tive thread^, is the space traversed 
by the tool during one revolution of 
the work, and is regulated by the 
sizes of the wheels, which must there- 
fore be changed for every distance in 
pitch. 

The perfection to which screw- 
cutting has been brought, is mainly 
attributable to the application of the 
slide-rest; and the beautiful and 
accurate screws, of all sizes, pro- * 
duced by the screw-cutting machine, I , 
have contributed in no small degree I > 
to the perfection of our machinery in 3 
general, and more particularly to * 
that of astronomical instruments. ^ 

There are also other machines, \ 
called screwing machines, for screw- 
cutting, which perform work of a 
much rougher description, such a3 
cutting short screws or bolts, for 
fastening together the flanges of 
pipe';, etc. The machine consists of 
a strong iron frame, which carries a 
mandril somewhat similar to that of 
a lathe, driven by a band passing i 
over a pulley. The head of the bolt 
to be screwed is held by a clamp at j 
the projecting end of the mandril, so 
that it revolves with it as in a 
lathe, the only difference being, that 
it is held at one end and free at the 
other. The dies, or two hardened 
steel pieces, which together form a 1 
nut, with the grooves lengthwise / 
for cutting, are placed in a small 
frame, across the machine, supported 
by two guides projecting from the ’ 
machine frame, one on each side , 
level and parallel with the bolt. 

When the machine is set in motion, 
the small cross frame is brought 
forward, and the end of the revolving 
bolt is made to enter the dies, which 
are pressed upon it by set-screws; 
and as their cutting edges take eft'ect 
on the bolt, the frame is carried 
forward on the guides till it has 
moved the required length ; it is 
brought back by reversing the 
motion of the machine, and the dies 
are tightened for another cut : this 
operation is repeated until the screw 
is of the required diameter. By 
fixing a tap, or cutting-screw, to the 
mandril, in place of the bolt, and 
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holding a nut by the screws in the 
cross-frame, the machine is made to 
cut internal screws. 

Scribing, a term applied to the edge 
of a board when fitted upon any 

surface. In joinery , the act of 

fitting one piece of wood upon 
another, so that the fibres of both 
may be perpendicular to each other, 
and the end cut away across the 
fibres, so as to fit upon the slide of 
the other. 

Serin, in mining, a small vein. 

Scroll, the name given to a kind of 
ornament of general use, which re- 
sembles a band arranged in undula- 
tions or convolutions. 

Sculpture is the art of carving wood 
or stone into images. It is an art of 
the most remote antiquity. To make 
a distinction between carving and 
sculpture, the former belongs ex- 
clusively to wood, and the latter to 
stone. In examining the various 
sculptures of the Egyptians, it is 
found that a general character pre- 
vails throughout their outlines: 
many valuable specimens remain to 
attest tbeir greatness in this art. 
It is to the Greeks that great su- 
periority is due. The art of sculp- 
ture was probably influenced by the 
operation of climate upon the hu- 
man frame. As the violent heats 
of the torrid zone and the exces- 
sive cold of the polar regions arc 
unfavourable to beauty, it is only 
in the mild climates of the tem- 
perate regions that sculpture ap- 
pears in its most attractive charms. 
The Greeks were pre-eminently 
the highest cultivators of the art 
of sculpture. The Romans dis- 
played great talents for statuary ; 
subsequently the Italian masters 
showed their eminence in the art ; 
and in our own country the works 
of Westmacott and Chantrey be- 
long to the distinguished English 
School. Carving in wood exists 
in the fine and mod elaborate 
w orks of Flemish masters, andtho^e 
of Gibbons and others of England 
are of equal talent in this pleasing 
art. 

The Grecian marbles in the British 
Museum have given so much grace 
to British art, and to execution in the j 
art generally, that a short descrip- j 
tion of them, and their connection 1 
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with architecture, will not be unac- 
ceptable. 

We learn from Athenian Stuart, 
that ‘ the Temple of Minerva, called 
the Parthenon and Hecatompedon, 
was built during the administration 
of Pericles, who employed Callicrates 
and Ictinus as architects, under 
Phidias, to whom lie committed the 
direction of all works of elegance 
and magnificence. It has been 
celebrated by some of the most 
eminent writers of antiquity, whose 
accounts are confirmed and illus- 
trated in the descriptions given us 
by those travellers who saw it almost 
entire in the last century. Even in 
its present state, the spectator on 
approaching it will find himself not 
a little aftccted by so solemn an 
appearance of ruined grandeur. Ac- 
customed as we were to the ancient 
and modern magnificence of Rome, 
and by what we had heard and read, 
impressed with an advantageous 
opinion of what we were come to see, 
we found the image our fancy had 
preconceived greatly inferior to the 
real object. 

4 This temple, the most costly 
and highly finished example of the 
Doric order, perhaps the largest 
octastyle temple of antiquity, had 
the advantage of the great mind 
of Phidias. It is to Lord Elgin’s 
enterprise and enthusiasm for art 
that England owes the unique trea- 
sures deposited in the British Mu- 
seum. Pausanias remarks, 44 On 
entering the temple called the Par- 
thenon, all the works in what are 
termed the pediments (eagles) seem 
to relate to the birth of Minerva ; 
those behind represent the contest 
of Neptune and Minerva concern- 
ing Attica ; but the statue itself (of 
the goddess) is formed of ivory and 
gold.” Pausanias then proceeds to 
a minute description of the chrys- 
elephantine statue, notices other 
monuments of art, describes the 
Erechtheum, and enlarges on the 
colossal bronze Minerva by Phidias 
called Promachu-, etc. The beauty 
of the marble of the mountains sur- 
rounding Athens, particularly that 
<>t IVntelicus, from which the temple 
Parthenon was wrought, must have 
given a great zest to the Athenians 
in the cultivation of the refinement 
385 
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of architectural design : with more 
brilliancy, it is almost capable of 
receiving the high finish of ivory. 
According to Pliny, Diopccnus and 
Scyllis, bom in Crete about the 50th 
Olympiad, b.c. 578, were the first 
sculptors distinguished in working 
marble, and to them are also attri- 
buted the earliest statues of ivory 
and gold. Of the part Phidias had 
in the design of the Parthenon 
temple, and in the production of the 
sculpture in particular, a diversity of 
opinion has existed. It has been 
supposed that the whole of the sculp- 
tural decorations are the “undoubted” 
productions of that great artist, thus 
conveying to them a charm, from 
the association of that great name, 
which the unequal execution does 
not entitle portions of them to re- 
ceive : others assert that he had 
nothing to do with the woiks, but 
that he may have designed the 
sculpture. However, the words 
** skilful sculptor in marble ” have 
been applied by Aristotle to Phidias, 
in opposition to “ statuary,” given 
by him [to Polyeletus, whose works 
were principally in bronze, in order 
to strengthen the probability of his 
having executed the marble sculp- 
ture of the Parthenon. Pliny states 
Phidias to have been the first who 
displayed and perfected the toreutic 
art, or sculpture formed by the com- 
bination of metals and other materials. 
The fertility of genius of this gieat 
sculptor, who was equally skilful in 
every department of Ids art, was sur- 
prising. He was, at the period of the 
erection of the Parthenon, engaged 
in so many and such various monu- 
ments belonging to the toreutic art, 
that his attention must have been 
occupied by them to so great a de- 
gree, that any but a general superin- 
tendence of the designs of the temple 
can .scarcely be supposed possible. 
When executing the Minerva of the 
Parthenon, he had already completed 
or was engaged on, besides many 
other statues and groups in ivory 
and gold, five other statues of that 
goddess, probably all of them colos- 
sal, of which the Minerva Promachu", 
in bronze, in the Acropolis, mud 
have been upwards of 50 feet in 
height, having been seen from the 
sea. The passage ol Plutarch, dc- 
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scribing the artists of the structures 
of Pericles, is, “ Phidias directed and 
superintended all the works of him 
CPericles), although they had great 
architects and artificers ; for Calli- 
crates and Ictinus executed the 
Ilecatompedon, or Parthenon.” * 

Scum. ( Wine.') During the fermen- 
tation of red wine, the skins, stones, 
etc., are brought to the surface by 
the carbonic acid : this is called scum. 

Scumbling is giving a kind of rough 
dotted shadow to trees, grass, gravel- 
walks, etc., in a drawing when it is * 
nearly finished. It is performed with 
a brush having some dark-brown 
colour in it, but nearly dry. The 
hairs of the brush are spread apart, 
then held in a slanting direction, and 
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siderable effect. J 

Scuppers, holes cut through a ship’s J 
side for throwing off the water from I 
the pump. They should be disposed 1 
clear of the guns, standards, the ports f 
below, gangways, etc. 

Scutcheon, the shields represented in , 
heraldry. 

Scuttles, holes cut in divers parts of 
the decks, exclusive of hatchways , 
and ladderways; likewise holes cut > 
through the ship's side for air. > 

Seyricum Marmor, a name given by ( 
the ancients sometimes to a white, j 
and sometimes to a yellowish marble ; ? 
both used in the public buildings of 
the Romans, but seldom in statuary, 
not being capable of receiving a high 
polish. 

Sea. ‘ The sea covers about three- 
fourths of the entire surface of the 
globe. _ The specific gravity of sea- 
water is about 1 , 0277 ; the water of 
closed seas into which many rivers 
fall is lighter, as that of the Black 
Sea and the Baltic. The water of 
the Mediterranean is more salt than 
that of the Atlantic, containing about 
4-18 per cent., while that of the 
Baltic contains only 1*18 per cent, of 
salt. There are also other mineral 
substances in sea-water, as iodine, 
bromine, magnesia, lime, etc., and 
mau\ of the metals in small quanti- 
ties The temperature of the air over 
the sea in those latitudes has been 
proved by observation to be more 
uniform than that of the air over the 
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land ; places near the sea have there- 
fore a more uniform climate than 
those at a considerable distance from 
it. This arises from the action of 
the Gulf-streara. The waters of the 
tropical Atlantic are wanned by con- 
tact with the shores washed by it, 
and the warmer water tends to- 
wards the Pole, but by the motion 
of the Earth is thrown over upon the 
coast of Europe. The sea on our 
southern and western shores is always 
several degrees warmer than that on 
the eastern coast, and warmer than 
the land itself. 

Sea-wax. (See Bitumen.) 


Seal,* a device or an engraved inscrip- 
tion : also its impression made on 
wax. Kings, bishops, and prelates 
were accustomed to use their several 
devised seals. Cities, towns, cor- 
porations, companies, institutions, 
and public bodies, had their seals. 
Privy or individual seals were also 
of frequent use, and some very 
curious seals exhibit much beauty 
and ingenuity. That represented 
in the annexed engraving is the 
seal of Michael Stanhope, who was 
Vice-Admiral of Suffolk in the time 
of Queen Elizabeth. 



Seal- Lock, an American invention of 
very great utility. The seal-lock is 
one in which the keyhole admits 
of being completely covered by a 
sliding metal plate, which when 
pushed fully into its place is retained 
there by a spring-catch. In this 
plate there is a small hole, through 
which the catch may be pressed back 
by a pin attached to the key, and 
82 


the plate can then be drawn down 
so that the keyhole is exposed. The 
plate is countersunk to receive the 
‘ seal,’ which is a small square piece 
of glass, held in position, when the 
plate is pushed home, by the grooves 
in which it slides. The seal, there- 
fore, covers the hole through which 
alone the spring catch is accessible, 
and this cannot be released until the 
387 
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seal is broken. So long as no seal is 
inserted the lock remains an ordinary 
lock, fit for all ordinary purposes. 
When the security given by the 
patent is desired, a seal is dropped 
into the place prepared for its recep- 
tion before the sliding plate is closed. 
When this has been done no one, 
neither the owner nor any other 
person, can apply the key until after 
the seal lias been destroyed. So 
long as the seal is intact there is 
absolute certainty that the lock has 
not been tampered with. 

The seal itself is a piece of common 
window glass, marked on the back 
with a letter and number, and also 
with various irregular dots and 
splashes, in a sort of chocolate colour. 
These marks are backed up by a 
white ground, and the whole is 
burnt in, so as to become part of the 
glass, and indelible. Each seal is 
about half or five-eighths of an inch 
square, and a large sheet is made at 
once, the separate seals being after- 
wards cut out with a diamond. The 
lettering and numheiing aic con- 
ducted on the same principle ns on 
Lank of England notes, so that no 
duplicate of a seal will ever be made ; 
and the dots and splashes are acci- 
dental in shape and position, being 
sprinkled on at hapha/.aid. Before 
the seals aic cut the entire sheet is 
photographed, and the printed photo- 
giaph is perforated like a sheet of 
postage stamps. The purchaser of 
the seals is supplied also with photo- 
graphic facsimiles , so that he can 
Bend one of these, and not only the 
letter and number, to any person 
whose business it may be to verify 
the security of a pat kage. For ex- 
ample, goods consigned to a distance 
might be sent in a box with a sealed 
lock, and a photograph of the seil 
might be enclosed to the consignee 
with the invoice. The consignee, on 
producing Jns photograph, would 
satisfy himself tliat the lock had not 
been opened, and the carrier would 
be relieved from the possibility of 
claims for the loss or absti action of 
goods which the package had never 
contained. 

The essence of the security which 
the seal a fiords is, therefore, a cer- 
tainty that no key has been inserted 
into the lock during a given time. 


The principle may be applied to a 
lock of any kind, any strength, or 
any quality. What it does is to 
render the keyhole inviolable, or, at 
least, to show that it has been invio- 
late. Of course, the seal is easily 
broken, a smart tap being sufficient 
for the purpose ; and it is protected 
on this account in the padlock 
manufactured by the patentees by a 
strong cover which fastens down 
with a spring catch. When the seal 
is broken no proof is afforded that 
the lock has been opened ; but, as 
long as the seal is entire, there is 
positive proof that the lock has not 
been opened. 

In the United States the seal-lock 
is extensively employed for many 
public and private purposes. It is 
used by some of the chief railway 
companies for the protection of 
their parcel vans, by the Custom- 
house for goods bonded or in transit, 
by returning officers for the ballot- 
boxes and by private persons for 
securing important matters which it 
is necessary to intrust to the custody 
of others. A box of deeds or papers 
b ft with a banker or lawyer, and a 
plate-ehe-'t or wine-cellar left with 
servants in the absence of the pro- 
prietor. may serve as illustrations of 
such u-C". For deed-boxes the ar- 
rangements for affixing the seal are 
particularly neat, not to say orna- 
mental, in their character. 

Seam, in mining , a name given to a 
bed in distinction to a vein or lode. 

Seams, the opening between the planks 

when wrought. The clippings 

w Inch fill 1 from woollen rags under the 
scissors of the rag-sorters who pre- 
pare them for the machine. 

Searcher, an instrument for examin- 
ing ordnance ; a tool for examining 
the hoof of a hor*e. 

Sebipira, or Sipopira, a tree grow- 
ing in Brazil, the bark of which ia 
Used for tanning. 

Secant, a true line that cuts another 
or divides it into two parts. 

Secco, that kind of fieseo painting, 
in which the colours have a dry 
sunken appearance, owing to the 
colours being absorbed into the 
plaster. 

Secondary Colours: in painting, 
secondary colours are those produced 
by the mixture of pigment ot any 
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two primary colours in equal pro- 
portions; but if either predominates, 
a neutral tint is produced instead of 
, a so-called secondary colour. 

Secondary Tints, subdued tints, 
grays. 

ocond Distance, middle distance, 
ection, a vertical plan of the interior 
of a building, of a piece of country, 
of a mine, or indeed of any structure 
natural or artificial, showing it as it 
would appear upon an upright plane 
cutting through it. Sections are 
almost as indispensable as plans ; 
in bmldinqs they show the thicknesses 

' of the walls, and, in addition, those of 
the ceilings and iloors ; and also 
heights, both of the rooms them- 
selves and of doors and windows ; 
— moreover, the forms of the ceil- 
ings. whether flat, or coved, or 
vaulted. In one respect, too, a 
section partakes of the nature of an 
elevation, the plane parallel to the 
line of section being an elevation of 
the interior, or rather consisting of 
as many elevations as there are se- 
parate rooms or divirions. Sections 
may be described as either furnish- 
ed or unfurnished : the latter show 
only construction and the strictly 
architectural parts ; wherefore, if 
the side of a room happens to be 
quite plain, without door, chimney- 
piece, or other feature, that side or 
space will be a blank, or little better. 
Furnished sections, on the contrary, 
exhibit, besides what strictly be- 
longs to the architecture and its 
decoration, mirrors, pictures, sta- 
tues, furniture, draperies, and all 
other accessories The number of 
sections required depends upon the 
nature of the plan, and what may 
be worth showing. If the design 
be worthy of it, there should be as 
many sections as will suffice to 
show every side of every principal 
apaitment; though it may not be 
necessary to repeat the entire sec- 
tion through every floor. Sections 
are the delicice of architectural il- 
lustration. 

Sector, in geometry , an instrument of 
wood or metal, with a joint and 
sometimes a piece to turn out and 
make a true square, with lines of 
sines, tangents, secants, equal parts, 
rhombs, polygons, hours, latitudes, 
etc. 


Sedilia, a name for a seat : the term 
is applied to the seats for the offi- 
ciating priests, inserted (and some 
ornamented) in the south wall cf a 
church. 

Segment of a circle, any part of a 
circle hounded bvan arc and its chord, 
and either greater or less than a 
semicircle. 

Segment of a sphere, any part of a 
sphere cut off by a plane, the sec- 
tion of which, with the sphere, is 
always a circle. 

Sel-Admirable. Glauber’s salt was 

so called. 

Selbite, called also Plata Azul , a 
silver ore which consists chiefly of 
silver carbonate, found in Mexico 
and Baden ; it is of an ash gray or 
black colour. 

Selenite, a transparent variety of 
gypsum, often beautifully crystal- 
lised. Selenite was employed in- 
stead of glass by the ancients. 

Selenium, a rare substance found in 
1818 by Berzelius, in the sulphuric 
acid of Sweden. It has many of the 
properties of sulphur, and has a red- 
dish-brown colour, with a smell like 
hor^e-radish. The action of light 
materially modifies the power of this 
substance” to conduct electricity. 

Sella Curulis, a chair of state. 

Selvedge, corrupted to Selvage. List; 
the edges of a woven fabric. 

Semaphore, in mechanics, a name 
given by the French to one form of 
telegraph, and adopted in England 
to signify any machine to com- 
municate intelligence by signs or 
signals. Although the Electric Tele- 
graph has superseded every other 
form of telegraph, the semaphore 
is still used on shipboard to signal 
from one ship to another. 

Semicircle, half a circle, or the area 
compu bended between a diameter 
and the semi-circumference. 

Semi-opal, a variety of opal which 
is only translucent at the edges. 

Semi-ordinate, in conic sections , a 
line drawn at right angles to and bi- 
sected by the axis, and reaching from 
one side of the section to the other. 

Seneca Oil, a petroleum found at the 
Seneca Springs in North America. 

Senegal root, the bitter root of 
Cocculus Bakis , found in Africa. 

Senegal gaun, a gum which exudes 
| from one of the Acacia . 
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Separating trommel, a kind of 
sieve for separating the small coal, 
or small ore, from the large. 

Sepia, Seppia. This pigment is named 
after the sepia or cuttle, which is called 
also the ink-fish, from its affording a 
dark liquid, which was used as an 
ink and pigment by the ancients. 
From this liquid our pigment sepia 
is obtained; it is brought principally 
from the Adriatic, but it may be ob- 
tained from the fish on our own 
coasts ; and it is supposed that it 
enters into the composition of the 
Indian ink of the Chinese. Sepia is 
of a powerful duskv-brown colour, of 
a fine texture : it works admirably in 
water, combines cordially in other 
pigments, and is very permanent. 
It is much used as a wat ,*r-eolour, 
and in making drawings in the 
manner of bistre and Indian ink, 
but it is not used in oil, in which it 
dries very reluctantly. 

Sepiolite, another name for meer- 
schaum. 

Septaria, masses of siliceous clay with 
veins of calc-spar. These nodular 
masses are collected and subjected to 
calcination in kilns, when they form 
good cement stones. Analysis shows 
that they consist of 55 parts of lime, 
38 of alumine, and 7 of oxide of iron. 

Septuagint, the Greek version of the 
books of the Old Testament, so 
called because the translation ia 
supposed to have been effected by 
seventy-two Jews, who are usually 
called the seventy interpreters. 

Sepulchre, a grave, tomb, or place of 
interment. Extreme attention to 
the sepulture of deceased friends 
characterised nations from remote ] 
antiquity, and to be deprived of 
it was accounted a very degrading : 
circumstance. The Itomans were 
prohibited by a law from burying 
their dead within the city ; and it 
was a field that the father of the 
Jews pul chased for the sepulture 
of his wife. The ancient tombs 
of the East are remarkable for 
their durability, and, in some in- 
stances, their beauty: they are 
monuments on which the lapse of 
ages effects no change : in many 
instances hewn in the solid rock, 
they arc calculated for duration 
equal to that of the hills in which 
they have been excavated. In a 
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garden, hewn out of a rock, was 
the sepulchre of Jesus. 

As an instance of the style of 
modem sepulture, which is rapidly 
extending, may be mentioned the 
Cemetery of P£re la Chaise, at Paris, . 
•which comprehends above 150 acres, 
thickly studded with chapels, tombs, 
and monuments, beautified with 
winding walks, curtained with lofty 
shady trees, and adorned with plants 
and evergreens. It contains nearly 
1G,000 mausolea built of the finest 
granite, sandstone, and polished Car- 
rara marble. Our own cemeteries are 
now formed upon this plan. 

Serges, the great wax candles burnt 
before the altars in Homan Catholic 
churches. 

Sericite, a mineral of a greenish or 
yellowish white colour; it has a silky 
lustre : is found in the schist of the 
Taunus range in Western Germany. 
Some suppose it to be the same as 
Dumouiite. 

Serpentine, the ophites , or serpent- 
stone of the ancients. It consists of 
two-thirds of silicate of magnesia, 
with from twelve to twenty per 
cent, of water. It is coloured by iron 
and chromium. Conemarra marble 
is an example of serpentine, and 
Kvnance Cove at the Lizard Point, 
Cornwall, is a mass of it. 

Serrated, having an edge like the 
tooth of a saw. 

Service Tree. This is a kind of thorn, 
and produces a berry which is edible. 
The wood is very hard, heavy, and 
useful, of a red-browm colour, and is 
very much like the English syca- 
more. 

Serving, in navigation , encircling a 
rope with line or spun-yarn, to pre- 
vent its being chafed. 

Sesame Oil, "the oil of the seeds of 
the Sesame orientate , a plant culti- 
vated in hot climates. It is a fatty 
non-drying oil, has no smell, tastes 
slightly of hemp, and is of a yellow- 
ish colour. It is used in India, 
where the plant is indigenous, as an 
article of food : it is also used for 
adulterating olive oil, for burning in 
lamps, and in soap-making. 

Set-off, or Offset, the part of a wall, 
etc., which is exposed horizontally 
when the portion above it is reduced 
in thickness. 

Setting, fixing black-lead or crayon 
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drawings. This is done by passing 
some material over the surface of the 
drawing ; there are several modes, 
but one of the most simple and most 
generally adopted for pencil-draw- 
ings is passing them through milk. 

Severey, a baj^ or compartment of a 
vaulted ceiling. 

Severite, an argillaceous mineral 
found at Saint Severe in France in 
masses below the tertiary gypsum. 

Sewers are subterranean passages or 
channels for the conveyance of waste 
waters and other matters from towns 
and buildings. In order that a sewer 
shall act with efficiency and promote 
the rapid discharge of the matters 
committed to it, it is necessary that 
it be constructed thoroughly imper- 
meable throughout its entire length, 
that its interior surface be even and 
smooth, and present no impediments 
to the sewage, and that its vertical 
declination be sufficient to prevent 
any suspension of the current. The 
sectional area of the sewer should be 
amply sufficient to contain the entire 
volume of the sewage, and its form 
such as will best secure its action 
with the minimum contents. The 
form of a sewer should be adapted to 
resist the utmost pressure to which 
it may be exposed externally fiom 
the surrounding materials in which 
it is constructed ; and ready access 
should be afforded at intervals for 
examining its condition from time to 
time, and detecting and removing 
any obstruction which may possibly 
occur to the immediate passage of 
the sewage. Hence rectangular forms 
are utterly inapplicable for these 
works, the section of which should 
be entirely curvilinear: and theory 
and experience have concurred in 
appointing a sectional form, similar 
to that of the egg, as bc^t fulfilling 
the conditions ot strength to resist 
the external pressure, and (the 
smaller curve being placed down- 
wards) to produce the most activity 
in the current when the quantity of 
sewage is reduced to the minimum. 
The simplest and best rule for ob- 
taining with circular curves a true 
egg-shaped or oviform section for 
sewers is that given in the ‘ Rudi- 
mentary Treatise on the Drainage 
and Sewage of Towns and Build- 
ings/ belonging to the same series 


with this work, and which is there- 
fore here quoted. 

1 Let the greater diameter, or that 
of the upper part of the section, 
equal 1 ; the less diameter, or that 
of the bed of the sewer, equal *5 ; 
and the entire height of the section 
equal the sum of these, or 1*5. Then 
strike a semicircle of 1 diameter for 
the head or arch of the section, and 
120° of a circle of *5 diameter for the 
invert ; connect the arch and invert 
with side arcs of 1*5 radius, the 
centres of these side arcs being on 
the produced horizontal diameter of 
the top arch. These arcs will be 
truly tangential, both to the arch and 
invert, and will complete a section 
well adapted for the practical pur- 
poses of the sewer, and, being so ex- 
tremely simple in its construction, 
peculiarly ready of application by 
workmeu in forming and using tem- 
plates, and in testing the accuracy 
of the work as it proceeds. The 
proper size or sectional area of sewers 
is determinable upon the quantity of 
sewage, and the velocity of its pas- 
sage, which latter element depends 
jointly upon the rate of declivity at 
which the sewer is laid, and the 
volume of water in motion. The 
quantity of sewage to be conveyed 
from a town is made up chiefly of 
the bulk of the water supplied to the 
population, the excrementitious mat- 
ters produced, and the quantity of 
rain-water falling upon the surface. 
The maximum quantity thus accru- 
ing during any given period of time 
\\ ill determine the minimum capacity 
of the sewer, calculated in combina- 
tion with the rate at which the pas- 
sage can be effected ; while, on the 
other hand, the minimum quantity 
thus accruing will limit the proper 
radius of the invert of the sewer, so 
that the friction of the water against 
the surface of the sewer may be re- 
duced in proportion to the total bulk 
of the sewage. All junctions of one 
line of sewer with another, and all 
changes of direction whatever, should 
be formed with curves of the greatest 
possible radius, experiment having 
proved that the current is impeded 
in proportion as the radius of curva- 
ture is reduced, and that angular 
junctions are still more mischievous 
in suspending the proper action of 
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the channel. Thus in a sewer 2 feet 
6 inches wide, a stream having a 
velocity of 250 feet per minute suf- 
fers a resistance from a rectangu- 
lar change of direction three times 
that produced with a curve of 
20 feet in radius, and double that 
produced with a curve of 5 feet 
radius. The inevitable effect of sus- 
pending the motion at these junc- 
tions is that the solid particles be- 
come deposited, and form a perma- 
nent bar, requiring some extraordi- 
nary action or force of water to 
remove it. 

‘ It is usual to distinguish sewers 
according to their «ize and functions 
as first clas*, or main sewers ; se- 
cond class, or collateral sewer* ; and 
third class, or branch sewers ; while 
the smaller channels foi conveying 
the contributions from individual i 
tenements are termed drains. The | 
same rules will apply equally to all 1 
of these as far as their proper objects 
are concerned, although the peculiar 
construction to be adopted will of 
course depend to some extent upon 
the actual size of each channel. Tor 
the larger sewer*, constructions of 
brickwork are commonly used. The*c 
require careful form ition, and to be 
accurately jointed, and the interior 
of the invert at any rate smoothly 
formed with a hard-drying cement. 
For smaller channels or drains and 
branch sewers, whole pipes of glazed 
stoneware are coming into extended 
employment, and, if truly formed 
and carefully laid and jointed, these 
form very superior ducts for the pas- 
sage of the sewage. By the use of 
these pipes, the essential qualification 
of impermeability is better secured 
than with brick sewers, the repeated 
joints of which need great labour 
and care in construction, and, if 
formed with inferior mortar, soon 
become imperfect. As necessary 
appliances to all sewers and drains, 
efiicient traps or apparatus to pre- 
vent the escape of the noxious gases 
engendered within the channels are 
really indispensable, and these are 
required to be simple in construc- 
tion and unerring in their action. 
The entire subject of the sewage of 
towns and buildings is now first re- 
ceiving the attention due to it as a 
necessary condition to the public 
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health ; and when this important 
branch of engineering science shall 
have been thoroughly investigated 
by qualified public officers, we may 
hope for the most useful and salu- 
tary practice, based upon correct 
principles, and for corresponding 
amendment in all that pertains to 
the subterranean ways of our cities, 
towns, and dwellings.* 

Palladio says, * The great common 
sewer or the general receiver or sink 
of all the filth of Rome was near the 
Senatorian bridge, called S. Marea, 
a performance of Tarquinius Super- 
bus. Authors tell strange things of 
its largeness, viz. that a full-laden 
hay-cart could drive through it: upon 
measuring, I have found it to be 16 
feet diameter. Into this all other 
sewers of the city do empty them- 
selve*, which is the reason that 
sturgeons taken between the Senato- 
rian and Sublician bridges are better 
than others, feeding on the filth 
coming out of this great sewer.’ 

The Lrgi>Iature have taken up 
the subject of purifying the Thames 
and of draining London, and placed 
funds at the disposal of the Metro- 
politan Board of Works ; so that the 
task is now fairly in hand, and is pro- 
ceeding satisfactorily and it is to be 
hoped successfully. The towage of 
London is carried direct to Barking 
Creek. The district around Chelsea 
and westward of it being very low, 
a low-level sewer had to be con- 
structed, and from this all the sew- 
age is now pumped into the high- 
level sewer (except a district now 
being connected) and carried directly 
away from the metropolis. 

Sextant, in geometry, the sixth part 

of a circle. In navigation, etc., an 

astronomical instrument made like 
a quadrant, but containing only sixty 
degrees. 

Sfregazzi. *A term applied to a 
mode of glazing adopted by Titian, 
and other old masters, for soft 
shadows of flesh, etc., and which 
consisted in dipping the finger in the 
colour, and drawing it once along the 
surface to be painted with an even 
movement.’ — Fairholt. 

Shack, in mining , hollows occurring 
in the veins ; sometimes they are 
filled with loose stones and gravel. 

Shackle bolt, a bolt to close the open 



SHA 


SHAKING- APPARATUS. 


chain link or shackle, when: the two 
are brought together. 

Shackle, Chain Shackle, an open 
chain link to connect the two ends of 
chains. 

Shaft, in architecture , the bod}' of a 
column or pillar ; the part between 
the capital and base. In mediaeval 
architecture the term is applied to 
small columns clustered round pil- 
lars, or used in the jambs of doois 

and windows. In mill-work , a 

large axle, in contradistinction to a 
small one, which is called a spindle : 
thus we say, ‘ the shaft of a fly- 
wheel/ ‘ the spindle of a pinion.’ 
Shafts are said to be lying when 
they are in a horizontal direction, and 

vertical when they' are upright. 

In metallurgy , the vertical chamber 

of a blast furnace. In mining , the 

perpendicular entrance to a mine or 1 
colliery. Shafts may be according to 
the purposes for which they are used, 
either for engine shafts, winding 
shafts or drawing shafts, and ac- 
cordingly as they are used to allow 
• the passage of air up from, or down 
into, a coal mine, they are called 
upcast shafts or downcast shafts. 

Shafted impost : according to Pro- 
fessor Willis, ‘ those imposts which 
have horizontal mouldings, the sec- 
tions of the arch above and of the 
shaft or pier below such horizontal 
mouldings being different.’ The 
latter point is the distinction between 
what he terms shafted and banded 
imposts : * in banded imposts, the sec- 
tions above and below the impost- 
moulding are alike, the shaft or 
pier seeming to pass through its 
capital.’ 

Shagreen, Chagrin. The true Ori- 
ental shagreen is essentially different 
from all modifications of leather or 
parchment. It approaches the latter 
somewhat, indeed, in its nature, since 
it consists of a dried skin, not com- 
bined with any tanning or foreign 
matter whatever. Its distinguishing 
characteristic is having the grain, 
or hair side covered over with small 
rough round specks or granula- 
tions. 

Shaken, plank or timber which is full 
of clefts, and will not bear caulk- 
ing or fastening ; generally called 
shakey. 

Shaking apparatus. In mining , as 
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tables, frames, etc., which are kept 
in constant agitation in order to 
facilitate the separation of the ores 
and waste 

Shale, a hard, black substance of a 
slaty structure, occurring most com- 
monly in the coal measures. Schist , 
Slate, Shale are general terms for 
rocks of different mineral ingre- 
dients, but of similar physical condi- 
tions. 

Shambles, stalls on which butchers 
expose their meat for sale. The 
shambles, or market-place for the sale 
of tlesh, at Frankfort-on-the-Mainc, is 
a curious and ancient example of 
early shambles. 

Shamoy, or Chamois Leather, the 
skins of goats, does, and chamois 
prepared in a particular manner. 

Shank, the space between the channels 
of a triglyph. 

Shank -painter, a chain bolted to the 
tup-side abatt the cat-head, to lower 
the anchor of a ship. 

Shea-butter, a fat obtained from the 
nuts of the Bassia Park'd, a tree 
growing in Western Africa. The 
kernels, which consist almost entirely 
of fat, are boiled in water and then 
pressed : its colour is a greenish 
white. 

Shear Steel, refined steel, tilted 

steel. 

Sheave, in mechanics , a solid cylin- 
diic:yj wheel, fixed in a channel 
withih a block, and movable about 
an axis ; being used, in connection 
with suitable tackle, to raise heavy 
weights, or to increase the me- 
chanical powers applied to remove 
any load. 

Sheers, in mining, two very high 
pieces of wood, placed in nearly a 
vertical po^itiun in each side of a 
shaft, and uuited at the top, over 
which, by means of a pulley, passes 
the capstan rope : this is for the 
convenience of lifting out, or lower- 
ing into the shaft, timber or other 
things of great length and weight. 

In ship-building, etc., are masts 

or large spars set across each other at 
the upper ends, with pulley-blocks 
and lopes or chains adjusted, by 
which contrivance the heavy bodies, 
such as frame-timbers, masts, etc., 
are raised. 

Sheer-hulk, in the navy, an old 
ship cut down to the lower deck, aud 
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fitted up with a pair of sheers, for 
the purpose of taking out the lower 
masts of ships. 

Sheer-strake, the strake under the 
gunwale iu the top-side; it is gene- 
rally worked thicker than the rest of 
the top-sides, and scarfed between 
the drifts. 

Sheet, in navigation, a rope fastened 
to one or both comers of a sail, to 
extend and retain it in a particular 
situation. 

Sheet Anchor, in navigation , the 
largest anchor of a ship. 

Sheet Iron, iron reduced bv rolling 
to sheets of various degrees of thin- 
ness. 

Sheet Lead, lead reduced by rolling 
to a sheet ; used for covering rods 
and the like. 

Shell -lac, a resin of a deep red colour, 
which is found on the twigs of the 
Indian fig, and some other plants. 
It is produced by the punctures of a 
small insect which feeds on the 
plants. The state in which it is 
found is the stick-lac of commerce ; 
this is pounded in water, and then the 
granules are dried ; this is seed-lac : 
the seed-lac is then put in a bag and 
melted over a fire and dropped on a 
smooth surface ; this produces the 
scales known as shell-lac. 

Shell-sand, sand formed of broken 
and triturated shells. It is much 
used as a fertiliser. 

Sheriff's Posts, two ornamental 
posts or pillars, formerly set up one 
on each side of the house of a sheriff 
or chief magistrate. 

Shift, in mining , the time a miner 
works in one day, usually eight 

hours. Of timber or plank, is over 

launching without cither piece being 
reduced, as the timbers of the frame, 
or plank in the bottom. 

Shingle, coarse sand and pebbles de- 
posited by the surge, accumulating 
in banks and forming dangerous 
shoals. Lieut.-Colonel Beid, in the 
second volume of the ‘Professional 
Papers ’ of the Corps of Koyal En- 
gineers, makes the following obser- 
vations of the moving of the shingle 
Of the beach along the south coast of 
England: — 

• The prevailing winds being 
westerly, and the highest seas roll- 
ing from the south-west, the pebbles 
of the beach are gradually carried to 
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the eastward, and a constant supply 
is furnished by the falling away ofv 4 
the cliffs. On this coast, therefore ' 
groins so constructed as to '**4 

the moving shingle from pressingto 
the eastward cause an accumulstiofl 
of pebbles. 

* It has been ascertained, from 
observation, that the pebbles of the 
Devonshire coast are forced to the 
eastward, along the coast of Dorset- 
shire, as far as the Chesil Bank. The 
stone pier of Lyme Begis, called the 
Cobb, does not, as might have been 
expected, arrest their progress ; for, 
in south-west storms, they are driven 
over the pier, and the crews in the 
harbour have had to quit the decks 
of their vessels, on account of the 
stones driven over the pier falling on 
the men. On this account, within 
a few years, a high wall has been 
constructed to stop the progress of 
the shingle at this point. The natu- 
ral consequence to be expected from 
this wall is, that the shingle will ac- 
cumulate on the west side of Lyme 
Begis pier, until it shall roll round 
the pier-head, as at the harbour of 
Dover. 

‘ The Chesil Bank is not composed 
of calcareous pebbles (as stated in a 
work of deservedly very high reputa- 
tion), but mostly consists of siliceous 
stones, worn to a very remarkable 
degree of uniformity of shape and 
also of size (w'hen taken from the 
same point) by long attrition upon 
the coast. The largest pebbles have c 
been carried furthest to the east; and 
the regularity with which they are 
arranged according to their size, is 
very remarkable. 

‘The progress of the shingle is 
here first arrested by the Isle of 
Portland, owing to the projection 
of that point of land in a line some- 
what to the westward of south, and 
the shingle bank stops just where 
the land trends in a soulh-w r est di- 
rection. 

* The Chesil Bank, at that part of 
it nearest the Isle of Portland, is 
from 20 to 30 feet above the ordi- 
nary high-water mark. On the west 
side it is steep, and the water deep 
close to the shore ; but on the east 
side it has a gentle slope, with a base 
of 200 yards, to the above height of 
20 or 30 feet. 
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* This gentle slope on the east side 
is owing to the accumulation of 
water on the opposite side during 
westerly gales, which finds a passage 
through the gravel bank, washing 
it into little ravines, and carrying 
down stones by its current. In very 
severe storms the sea washes over 
this bank ; and it did so on the 23rd 
of November, 1824. 

‘ A dangerous shoal of coarse sand, 
called the Shambles, which lies off 
the south-east point of the Isle of 
Portland, is in all probability formed 
by the tides ; but the Chesil Bank 
is formed by the waves breaking on 
the shore in south-west gales ; and 
it is important that these two causes, 
and their resulting consequences, 
should always be separate!}’ con- 
sidered. 

* Siliceous or very hard pebbles only 
withstand long rolling on the beach, 
whilst calcareous stones soon become 
ground into sand. As the siliceous 
pebbles do not pass round Portland 
Island, sand only is found on the 
shore of Portland Road-5 ; and it is 
calcareous, eff ervescing strongly with 
muriatic acid. 

1 Scarcely any gravel is to be seen 
between Portland Hoads and Wey- 
mouth. W ithin the “ Abergavenny,” 
an East India ship which sank thirty 
years ago in the mouth of W eymouth 
Bay, there is no gravel, and very 
little sand. East "of Weymouth it 
again begins to collect; but each 
little headland, acting as a groin, 
retains much of it in the small bays. 
Round St. Alban’s Head its action 
has not been observed, but at Christ- 
church the quantity is consider- 
able, and at Hurst Castle it is very 
large. 

4 The Isle of Wight, and the strong 
current running through the Needles, 
here again a second time stop its 
eastward movement ; and it form*, 
nearly in the mid-channel, a shoal 
called the Shingles, the easternmost 
end of which (by the action of the 
westerly winds on one side, and the 
current of the Needles on the oppo- 
site) becomes heaped up above high- 
water mark into an island, varying 
in shape and size with every storm, 
and sometimes disappearing alto- 
gether. 

‘The pebbles coming from the 


westward must be driven across the 
north channel to this bank ; but 
they do not pass across the south and 
principal channel of the Needles to 
the Isle of Wight, as is evident from 
local inspection; for those of the 
Isle of Wight are of a different 
colour, being black flints from the 
chalk, whereas those on the side 
of Hurst Castle are generally 
yellow. 

‘The effect of the prevailing 
wind, in driving the gravel along 
the coast from west to east, is not 
less evident on the south of the Isle 
of Wight than elsewhere. It passes 
eastward until it reaches Sandown 
Bay, where the artificial groins, kept 
up at considerable cost, arrest a 
certain portion ; but the surplus is 
poured over these groins, and, fall 
ing on tlie east side, continues its 
course. 

‘ The gravel which passes Ports- 
mouth does not appear to come from 
the westward of Hurst Castle, for 
the shores just within the Needles 
are mud without stones. A new 
system commences within the Solent. 
A large quantity of shingle is fur- 
ni>hed from the gravelly soil of the 
south coast of Hampshire ; and this 
shingle i» likewise driven eastward, 
sometimes returning westward when 
easterly winds prevail, but the ba- 
lance of its progress is always to- 
wards the east. 

‘ Hurd Castle, Calshot Castle, and 
Blockhouse Fort, Portsmouth, all 
stand on similar tongues of shingle, 
formed on the west sides of their 
respective passages by the prevailing 
westerly winds. 

‘At Hurst Castle the gradual 
additions to the end of the strip of 
shingle may be plainly seen; for 
Nature there records her own history 
in a very visible manner. An ord- 
nance landing-place, 30 feet long, 
which was constructed in 1806, and 
stood in the sea, became entirely 
buried in gravel ; and many succeed- 
ing lines ot liigh-water mark maybe 
distinctly traced to the eastward of 
Hurst Castle. 

‘ Similar traces of many former 
lines of high-water mark are also to 
be seen near Southsea Castle ; and 
immediately on the west of Fort 
Monkton, six distinct lines of high 
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water may be counted ; and some of 
these probably belong to very remote 
periods of time. 

‘ The direction of the line of coast, 
with reference to the prevailing 
gales, seems to determine where the 
shingle will accumulate, or where 
the sea will be most likely to en- 
croich upon the land ; and seems to 
be one of the most important points 
to study as regards the subject of 
opening bar-harbours. 

‘The south-easterly direction of 
the beach at Southsea would appear 
to be one of the causes why the 
entrance of Portsmouth Harbour is i 
kept as clear as it is by the current 
running out of it ; for this direction 
of the land prevents the water from 
spreading itself on both sides, at the 
ebbing tide, as it does at the entrance 
of Langston Harbour, over banks of 


gravel ; and this direction at South- 
sea appears fust sufficient to allow 
the shingle to be set to the eastward 
by the prevailing gales. 

‘ It well deserves consideration, 
whether embankments (on the south 
coast of England) run out on the 
eastward of bar-harbours, in a line 
parallel to the line formed by nature 
on the east side of Portsmouth 
Harbour, would not lead to a similar 
effect as that produced there by 
keeping open one principal channel. 
By a proper system of groins on the 
west side of such harbours, shingle 
coming from the westward would be 
stopped, and much of the material? 
which now form the bars might be 
arrested in their course. 

‘The slope of the beach is flatter 
after a southerly gale, and its aver- 
age slope is about 1 foot in 9. 



‘If groins arc not carried far 
enough in-land, the sea in south- 
west storms (on the south coast) 
will break round and insulate them. 
If they are not high enough at 
high-water mark, the gravel will 
be carried over them to the east- 
ward ; and if they are too short, 
it will pass round the outer end of 
them. 

‘ During southerly gales, it is 
frequently said that the gravel is 
‘carried into the sea,” because the 
receding waves draw it down ; but 
it is again driven back, and if the 
896 


u ind is south-west it is set to the 
eastward. 

‘The preceding figure, in which 
a pebble (a) pass°s to (p), fol- 
lowing a course indicated by the 
alphabetical order of the letters, 
will explain what is here meant, and 
show the way in which the gravel 
parses by groins which are too 
short. 

‘From this figure it will also be 
understood why a single plank re- 
moved from a wooden groin will 
cause the beach at such place of 
removal to be carried on forward ; 
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and hence the importance of con- 
structing groins of materials not 
liable to such accidents. 

‘The point of shingle on which 
Calshot Castle now stands was once 
an island, and called, in 1717, 
Crown Island ; since which time 
the opening has filled in with gravel. 
The point on the west side of Christ- 
church Harbour is now lengthening 
annually ; and the mouth of that 
harbour and its bar become every 
year more and more removed to the 
eastward, and if left to nature may 
continue to be removed eastward 
until the water from that estuary 
shall reopen a fresh passage for 
itself in a more direct line, as the 
water seems to have done at the 
harbour of Shoreham. 

‘ At such harbours as Portsmouth 
it would be desirable, by means of 
the apparatus for enabling persons 
to descend and examine the bed of 
the sea, to observe and determine 
the precise mode of the action of the 
shingle at the entrance of harbours. 

‘The sand being blown by the 
wind, as well as driven by the surge, 
it frequently covers the coarser 
shingle, where it is retained by the 
carex arenaria, a grass which roots 
at every joint. 

(Much valuable information on 
the subject of encroachments of the 
sea upon the land will he found in 
Ly ell's ‘ Geology.’) 

Shingler, in metallurgy, a name com- 
monly used for the hammersman in 
iron works. 

Shingles, in house-building , small 
pieces of wood sawed to a certain 
scantling, used in roofing, instead of 
tiles or slates. 

Shingling, condensing the iron bloom 
hv heavy hammers. 

Shittim wood, a valuable kind of 
timber, of which, according to Moses, 
the greater part of the tables, altars, 
and planks belonging to the taber- 
nacle were made : it grows in the 
deserts of Arabia, and is like white- 
thorn in its colour and leaves, but 
not in size, as the tree is so large 
that it affords very long planks : the 
wood is hard, tough, smooth, with- 
out knots, and extremely beautiful ; 
so that the rich and curious make 
screws of it for their presses. 

Shivers, in navigation, the little round 
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wheels, of wood or metal, in which 
the rope of a pulley or block runs. 

Shock, in agriculture , fifteen sheaves 
of com. 

Shoddy, the refuse of the willowing 
and scribbling process in the prepara- 
tion of mungo and wool, and is sold 
in large quantities for manure. 

Shode, in mining, the small pieces of 
ore lying on the surface, indicating a 
vein in the immediate neighbourhood. 

Shodeing, tracing those loose stones 
from the valley in which they may 
be found to the mineral lode from 
which they have been removed. In 
this manner many mineral lodes are 
discovered. 

Sholes, pieces of plank put under the 
shores where there are no ground- 
ways. 

Shooting, in mining , the method of 
obtaining coal, metallic ores, or 
stone, by means of gunpowder. 

Shooting Tools, in mining , the tools 
used in the process of blasting rocks. 

Shores, pieces of timber fixed to sup- 
port a ship. 

Shot Tower, a high building, at the 
top of which the lead, mixed with a 
little antimony and arsenic, is melted. 
It is then poured through a sieve and 
falls to the bottom into water, be- 
coming round and forming shot in 
falling. 

Shrapnell Shell, a shell filled with 
lead balls and a bursting charge, I 
introduced by Colonel Shrapnell. 

Shrines, tombs, or decorated monu- 
ments of ornamental tabernacle- 
work, as they are applied to the 
entombment of royal and noble 
persons : several very fine examples 
exist in the cathedrals and abbey 
churches; the term is also applied 
to a cabinet in which sacred things 
are deposited 

Shunt, a term applicable to the ma- 
nagement of railway trains, to re- 
move a carriage or train off the main 
line. When an engine, carriage, or 
train is moved off the main line 
to a siding, it is then said to be 
4 shunted.’ It is most probably de- 
rived from the word 4 shun : ’ in the 
old English Romance ‘ Mort d’Ar- 
thur we find the word ‘schunte’ 
used in this sense, to put off ; and 
in other early works the word 
4 shunted ’ may be found, with the 
meaning, to move from. 
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Siberite, or Sieberite, another name 
for rubellite or red tourmalin. (See 
Tourmalin.') 

Siccative, those oils which thicken 
and dry into transparent flexible 
substance forming a sort of skin, are 
said to be drying, or siccative. 

Side-chains, chains and hooks fixed 
to the sides of the tender and en- 
gine for safety, should the central 
drag-bar give way. 

Sidereal year, that space of time 
which astronomers compute the 
sun is moving from any fixed star 
till it returns to it again, reckoned 
at 365 days, 6 hours, and almost 
10 minutes. 

Siderite, a variety of quartz of a 
Berlin blue colour ; also a name for 
sparry iron ore, also called Siderose. 

Sidero'type, a method of producing 
sun-pictures by means of ammonio- 
citrate of iron. Paper impregnated 
with this salt is exposed to light in 
the camera, and the picture is de- 
veloped with a neutral solution of 
gold, or, better, of silver. 

Sides, in mining , the hard rock that 
encloses the vein on both sides. 

Sienese School, the school of a lively 
people ; and is so agreeable in the 
selection of the colours that foreign- 
ers are captivated, and sometimes 
even prefer it to the Florentine. But 
there is another reason for this pre- 
ference, viz. the choicest productions 
of the Sienese painters are all in the 
churches. The accounts of the early 
Sienese painters are confused by the 
plurality of the Guidi, the Mini, the 
Lippi, and Varni (abbreviations of 
Giacomo, Filippo, Giovanni). To 
sum up, the character of the School 
is not so original as some others, and 
during its best time some of its 
artists imitated the style of others. 
Some of the greatest modern names 
are Giantonio Razzi, surnamed 11 
Sodoma , b. 1479, d. 1554; Do- 
menico Beccafumi , called Meche- 
rino , b. 1484, d. 1549 ; Baldassare 
Peruzzi, b. 1481, d. 1536. 

Sienite, or Syenite, a granular ag- 
gregated compound rock consisting of 
felspar and hornblende, sometimes 
mixed with a little quartz and mica. 
This rock abounds near the cataracts 
of the Nile ; it is an excellent build- 
ing stone. 

Sienna, Haw, a compound of oxide 
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of iron and earthy matter. By long 
exposure to red heat, the iron im- 
bibes more oxygen, and is then called 
Burnt Sienna. 

SigiUaria (Lat. sigiUum , a seal), a 
peculiar plant found in the coal mea- 
sures. 

Signal lamps, railway lamps, with a 
bull’s-eye glass in front. Each 
lamp has a recess between the 
burner and bull’s-eye, for dropping 
in any particular coloured glass, 
according to the light which is to 
be shown. The lamp has also re- 
cesses for holding these glasses, so 
that the engineman can at once 
pick out a red, green, or blue glass, 
and put it in front as he may re- 
quire it. 

Silex or Silica : this is the basis of a 
great variety of minerals ; rock 
crystal, quartz, and flint may be con- 
sidered nearly pure silica. Many of 
the rocks, such as granite, quartz 
rock, and varieties of sandstone, have 
a large amount of silica in their com- 
position. 

Silhouette, a profile, or side face ; an 
entire figure of anything represented 
as a solid black mass, the general 
outline only indicating the form. A 
flat piece of metal, card, or wood, 
cut to a certain form, to give the 
solid outline of a figure or piece of 
ornament. 

Silicified Wood, wood petrified, con- 
verted into chalcedony or agate. 

Silicon or Silicium, the base of silica 
or flint. 

Silk is the production of a small insect 
known as the silkworm (the larva 
of the Phalasna Bombyx Mori). It 
is the cocoon in which the insect en- 
velopes itself before passing into the 
chrysalis state. ‘ These insects pos- 
sess a glandular apparatus called the 
Sericterium, serving for the secretion 
of a peculiar juice, which is dis- 
charged in fine threads, through two 
small apertures near the lower lip, 
and quickly solidifies in contact with 
the air. The solidified fibre consists 
of a thread of fibrin covered with a 
waxy substance. In 1875 we im- 
ported 533,220 lbs. of raw silk, valued 
at £3,443,775, and exported silk 
valued at £1,738,104. 

Silk-throwing, twisting filaments of 
silk into thread. 

Sill, the horizontal frame of a 


door or window ; a threshold.- In 

mining , a piece of timber laid across 
the drift for supporting other wood- 
work. 

Silt, in hydrography, etc., mud depo- 
sited by rivers, tides, etc., generally 
in still parts or eddies, and also in 
lakes or hollows filled with still 
water. 

Silver is sometimes found in nature in 
the metallic state : it is more fre- 
quently found in the state of chloride 
and sulphide, besides being alloyed 
with gold, copper, and other metals. 
It is a pure white brilliant metal, 
of great ductility, capable of being 
drawn out into very fine wires. It 
melts at 1873°, and absorbs a large 
quantity of oxygen, which, disen- 
gaging on cooling, gives it a white, 
frosty appearance : when impure, it 
does not do so. It is a metal used 
in great abundance as a coin in all 
countries, also for plate, for vases, 
candelabras, cups, etc. 

Silver, German, an alloy of tin, cop- 
per, &c. Packfong, Tutenague. 

Silver-purple. ‘ A dilute neutral so- 
lution of argentic nitrate, mixed with 
stannous nitrate, or an ammoniacal 
solution of argentic nitrate mixed 
with stannous chloride, yields a 
brown or purple-brown precipitate, 
the so-called “ silver-purple,” the 
colour of which varies according to 
the mode of preparation.’ — Watts . 

Silver, Tahl-ore. (See Tetrahedrite .) 

Simaruba, the bark of the Simaruba 
officinalis , is used as a medicine. It 
has a bitter taste somewhat like 
quassia bark ; its alcoholic extract is 
poisonous. 

Similor, a name given to an alloy; a 
rich coloured brass, now obsolete. 

Sinapisine, a crystalline substance 
obtained from the black mustard- 
seed ; it is white and scaly. 

Sink (To), in mining, the operation of 
making shafts for discovering mine- 
rals. 

Sinking, in mining , cutting vertical 
openings in the rocks, such as sinking 
a shaft i rom the surface to a coal-bed 
or on a mineral lode, or excavating 
an opening from one level, in a me- 
talliferous mine, to another. In ris- 
ing and sinking a shaft, one set of 
men sink from a certain level, while 
another set rises from a lower level to 
meet them. 
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Sinking a Lump, in metallurgy , the 
process of melting down the metallic 
mass of iron in the charcoal finery. 

Sinopia, a pigment of a fine red colour, 
prepared from the earth sinopite. 

Sinopite, a ferruginous earth found in 
Cappadocia: it is of a dull brick-red 
colour spotted with white, opaque 
and friable. 

Sinter, incrustations from siliceous or 
calcareous springs. 

Sinter Slag, Siliceous Sinter, in 
metallurgy, a sort of finery slag. 

Sinuosity, the bight or* bend of a 
river. 

Siparium, in the time of the Roman*, 
a piece of tapestiv stretched on a 
frame, which rose before the stage 
of the theatre. 

Siphon, or Syphon, in hydraulics, a 
crooked pipe through which liquors 
are conveyed, one arm of the pipe 
being longer, or below the level of 

the opening of the other arm. The 

date of the first application of the 
principle by which water or other 
fiuids may be drawn from one 
level to another by the exhaustion 
of the air contained in the limb 
communicating with the lower 
level, appears to be very remote. 
The Egyptians certainly used it for 
the t ran sva sing of wine: but the 
first important application of this 
principle to useful or general prac- 
tice was in the aqueduct which 
conducted the springs of Mount 
Pila to Lyons: the date of this 
aqueduct is about 40 years after 
the commencement of the Christian 
era. Upon the total length of the 
aqueduct, which with its branches 
was 15 old French posting leagues, 
there were three large siphons to 
carry the water from the upper 
sides of the same number of valleys 
to the lower. Of tlie-e, the valley 
of Ciiaponc-'t was 2.100 feet across, 
measuring in a straight line aei<'"> 
the valley ; and it was about 200 
feet deep. The valley of St. Foy 
was about 3,192 feet across, by 3UU 
feet deep; that of St. Trenee was 
798 feet across, but much shal- 
lower. 

The pipes of the Chaponest si- 
phon, on leaving the upper reser- 
voir, were 8 inches diameter and 
1 inch thick : they were of lead. 
After running 75 feet of the descent 
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of this dimension, they branched 
off into two divisions of 6 inches 
diameter each, in order that the 
pressure upon the pipes at the 
lower portion of the siphon might 
be diminished. They ran over the 
level bridge in the lower part of 
the valley of this smaller diameter, 
and mounted the opposite side for 
a height of 70 feet, when they re- 
united into pipes of 8 inches dia- 
meter again. The total fail of the 
Chaponest siphon was 150 feet, 
the rise on the opposite side was 
130 feet, leaving a difference of 
level of 20 feet to compensate for 
the friction. The siphon of St. 
Foy had a difference of level, from 
the upper reservoirs to the straight 
part, of 240 feet. 

The Lyons aqueduct had in its 
total length thirteen common 
straight aqueduct bridges and three 
siphons; it delivered very nearly 
1,300,000 gallons in the twenty- 
four hours. 

Many writers on hydraulics have 
failed to notice these extraordinary 
work*, and have expressed their 
surprise that the ancients were ig- 
norant of the existence of the law 
by which water finds its own level. 
The ancients, however, appear to 
have widely preferred the more 
economical system of carrying 
water in a straight trough, where- 
cver the expense was justifiable. 
Waterworks were, in early times, 
Government affairs, and the ex- 
pense of their maintenance was de- 
liberated. The preceding cases 
abundantly prove that the ancients 
applied the well-known law of hy- 
drostatical balance whenever they 
found such a course advisable ; and 
the detail given by Vitruvius re- 
move all doubt upon the subject. 
HI instructions (lib. 8, c. 7) are as 
follow*: — * When the expense of 
erecting a bridge is too great, a 
siphon may be used; but this 
should only be reported to as a 
last expedient. The danger of 
bursting the pipes, and the expense 
of the repairs, are serious objec- 
tions to this method, and in the end, 
straight bridges are the cheapest. 
If, however, it be determined to 
employ a siphon, it should be laid 
with a regular curve, and all abrupt 
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elbows avoided. To secure this, a 
substructure should be raised to 
fill in any inequalities in the valley 
where it is to be erected. The 
last length of the descending pipe 
and the first of the straight pipe at 
the level part, as also the last 
length of the straight pipe and the 
first ascending one, should be let 
into a solid stone, which should 
be carefully fixed and surrounded 
with ballast, properly rammed.’ 
He also gives directions for the 
construction of air-shafts from the 
lower parts, which he calls ‘co- 
lumnaria,’ and he expressly states 
that they are necessary to relax the 
‘ vis spiritus in ventris/ — the force 
of the air in the curves. Siphons 
have been largely used for the pur- 
pose of draining the Lincolnshire fens. 

Siphon-cups, in steam-engines , cups 
placed for feeding oil to the working 
parts of the machinery, trimmed 
with cotton or worsted, the same as 
the axle-boxes. 

Siphon Pipe, in metallurgy , the bent 
pipe of a hot-blast stove. 

Sissoo is one of the most valuable 
timber-trees of India, and with the 
saul is more extensively used than 
any other in North-west India. The 
ship-builders in Bengal select it for 
crooked timbers and knees ; it is 
remarkably strong ; its colour is a 
light grayish-brown with dark- 
coloured veins. (See Saul.) 

Site, the situation of a building ; the 
plot of ground on which it stands. 
- -In landscape , signifies the view, 
prospect, or opening of a country, 
derived from the Italian word sito , 
situation ; and it is used among 
painters, as being more expressive. 

Sive or Sieve, in mining : the sive was 
formerly used for washing the ore ; 
and was made of iron wire. But it 
is now very little used, having been 
superseded by the buddle. 

Skeleton, in carpentry, a shell or 
framing. In surveying , the out- 
line of a trigonometrical survey. 

In artillery , a light shell for project- 
ing combustibles. In cotton-spin- 

ning , a kind of case frame. A 

skeleton key, a key constructed to fit 
almost any set of wards in a lock. 

Skelp, a piece cf iron out of which a 
musket barrel or any other pipe is to 
be welded. 


Skerry, in geology, a name applied in 
Derbyshire to the thin layers of sand- 
stone k interstratified with the red- 
marls of the Keuper series. 

Sketch, a slightly-made picture, in 
which the general effect is attended 
to, but not always the details, and 
from which more finished works are 
painted : so also with sketches in 
architecture, giving the correct out- 
line of a building without filling up 
with the detail. 

Skew, or Askew, as applied to ma- 
sons’ work, an oblique arch. 

Skid, the iron used for locking the 
wheel of a carriage, or the small 
roller attached to a heavy roller for 
preventing it from rolling back. 

Skillet, in metallurgy, the vessel used 
for melting steel. In domestic 
economy, a preserving pan. 

Skins, in commercial language, applied 
to the skills of those animals, as deer, 
goats, kids, lambs, which, when pre- 
pared, are used in the lighter works 
of bookbinding, the manufacture of 
gloves and parchments, while the 
term hides is applied to the skins of 
the ox, horse, &c., which, when tanned, 
are used in the manufacture of shoes, 
harness, and the like. Lamb and 
kid skins are principally used for 
gloves. 

Skip, or Skep, in mining, the box or 

- vessel used for bringing the ore to 
the surface, usually travelling in 
guides through the shaft. 

Skirting, a narrow board forming a 
plinth to an internal wall. 

Skive, an iron polishing wheel used 
by diamond polishers. 

Skylights, glass frames placed in a 
roof with one or more inclined planes 
of glass. 

Slab, in metallurgy, the mass of iron 
run from a Catalan forge ; a bloom. 

Slack, in mining, small refuse coal. 

Slag, in metallurgy , the combina- 
tion of the earthy matters which are 
mixed with metallic ore, with the 
flux which is employed in the pro- 
cess of smelting them. The dross, 
scum, cinder, of any of the metals 
formed in tlie process of smelting. 
In the case of iron, a glassy combi- 
nation of the earthy matters of the 
flux employed. It may be blast fur- 
nace slag, puddling furnace slag, 
shingling slag, refinery slag. Th« 
slags may be regarded as glasses. 
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Slag hearth, Scotch slag hearth, 
a smelting arrangement resembling 
a blacksmith’s forge, used for the 
treatment of lead-slags. 

Slaking of Lime. Quick-lime, taken 
as it leaves the kiln, and thrown into 
a proper quantity of water, splits 
with noise, puffs up, produces a large 
disengagement of vapour, and falls 
into a thick paste. So much heat 
is produced in slaking, that part of 
the water dies off in vapour. If the 
quantity of the lime slaked be great, 
the heat produced is sufficient to set 
fire to combustibles : in this manner 
vessels loaded with lime have some- 
times been burnt. When great 
quantities of lime are slaked in a 
dark place, not only heat, but light 
also, is emitted. The specific gravity 
of pure lime is 3*08. 

Slate, an argillaceous stone, readily 
split, and employed to cover build- 
ings, and also for other purposes : it 
is quarried in large pieces. 

Slate, Welsh. Specific gravity, 
2-752 (Kirwan) ; weight of a cubic 
foot, 172 lbs. ; weight of a bar 1 foot 
long and 1 inch square, ITO lb.; 
cohesive force of a square inch, 
11,500 lbs.; extension before frac- 
ture, raVo ; weight of modulus of 
elasticity for a base of an inch square, 

15.800.000 lbs. ; height of modulus 
of elasticity, 13,240,000 feet; mo- 
dulus of resilience, 8-4; specific re- 
silience, 2. 

Slate, Westmoreland , Cohe- 
sive force of a square inch, 7,870 lbs.; 
extension in length before fracture, 
«To ; weight of modulus of elas- 
ticity for a base of an inch square, 

12.900.000 lbs. 

Slate, Scotch. Cohesive force 
of a square inch, 9,600 lbs. ; exten- 
sion in length before fracture, 
weight of modulus of elasticity for a 
base 1 inch square, 15,790,000 lbs. 
(Tredgold.) 

Slate Coal, coal with a slaty struc- 
ture, found in the coal fields of New- 
castle, Bolton, and Whitehaven. 

Slate, Clay, an argillaceous schist. 

Slating, is employed by builders for 
covering in the roofs of buildings. 
The slates principally in use in Lon- 
don are brought from North Wales. 

Slawm, in mining , a point in the stone 
or ore filled with soft clay. 

Sled, properly Sledge, in mining , a 


carnage used for conveying coal 
underground. 

Sleepers, pieces of timber employed 
to support others, and laid asleep, 
or with a bearing along their own 
length : sleepers denote more par- 
ticularly those timbers which are 
placed lengthwise on walls to sup- 
port the joists of a floor; they are 
employed on railroads as longitu- 
dinal bearings for the rails to re3t 

upon. In ship-building , Sleepers, 

or Transom -knees, are fixed with- 
insidea ship abaft, one arm lying on 
the foot waleing, and the other ex- 
tended up the transoms ; a heavy 
piece of frame-work; a capping piece; 
a beam. The row of piles of a 
timber bridge. The timbers upon 
w hich rails are placed. In weav- 

ing , the corcl of the harness which 
bears the warp. 

Sleeping table, in mining , a table for 
dressing ores, sometimes called 
Nicking huddle. 

Slibowitz, Slibowitza, Slivowitz, 
an ardent spirit distilled from the 
fermented juice of plums. It is made 
in Bohemia and Hungary. 

Slick, or Slig, in metallurgy , waste 
metal. 

Slickings, in mining y narrow veins of 
ore. 

Slide, the fissure produced by a move- 
ment of the rocks. A mass of rock 
has, at some period, fallen from its 
original position, and in doing so it 
has slid over or upon the face of the 
adjoining rock, often producing a 
grooved and sometimes a polished 
surface. These narrow fissures are 
often filled in with clay, and sup- 
posing the mineral vein to run 
across the rock which has been 
moved, it is of course dislocated. 

Slide, or Shoot, the arrangement 
made for sending felled trees from the 
mountains down to the valleys or to 
rivers. 

Slider, in mining , certain pieces of 
timber used in making a shaft. 

Slide -rest. This apparatus, the in- 
vention of Mr. Henry Maudslay, is 
of the utmost importance for per- 
fecting and accelerating the con- 
struction of machinery. Before its 
invention, cylindrical turning was a 
work of manual labour, and was at- 
tended with so much difficulty and 
expense, when the cylinders were 
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cither large in diameter or of mode- 
rate length, that it was necessary to 
avoid using them in many cases; 
and plane surfaces being even still 
more expensive, in consequence of 
the very imperfect and laborious 
operations of chipping and filing 
them, many very valuable inventions 
could not be carried into effect on 
account of the inaccuracy and ex- 
pense attending their construction. 
The invention of the slide-rest, form- 
ing an all-important part of that of 
the planing machine, has entirely 
removed both of these difficulties, 
and cylindrical turning and planing 
are now the cheapest and most per- 
fect of mechanical operations. 

The office of the slide-rest, as ap- 
plied to lathes and turning machines, 
is to hold, engage , and direct the 
turning-tool, and it may he kept in 
motion either by hand or by self- 
acting machinery. 

When applied to a small lathe, 
it is generally moved by hand ; but 
in large machines for heavy work, 
where the time of action is consider- 
able, it is moved by machinery at- 
tached to the lathe. The work to be 
turned being placed in the usual way 
between the two centre pieces of the 
lathe, the lower part of the slide- 
rest is fixed under it on what is 
called the bed of the lathe : the use 
of this part of the slide is to move 
the tool to or from the work, which 
it effects by means of a slide, at right 
angles to the work, moved by a 
screw and handle : this slide has 
fixed upon it, by a swivel joint, the 
upper part of the apparatus. 

The upper part has also a slide 
moved by a screw and handle, and 
generally placed at right angles to 
the lower slide : the principal use of 
this upper slide is to move the cut- 
ting-tool which is fixed upon it paral- 
lel to the centre line of the lathe; 
but it can be so placed, by aid of the 
swivel-joint, as to cause the tool to 
advance at any required angle with 
the centre line of the lathe. Thus 
two direct movements are obtained : 
the first to set the tool to the work, 
and the second to move it either to 
the right or left, in a line parallel 
with the work, or at any given angle 
•with the first. 

The slide-rest principle enters 


largely into the construction of all 
kinds of machinery, from the most 
minute to machines of vast magni- 
tude, where by its aid ponderous 
masses — such, for instance, as rail- 
way turn-tables 36 feet in diameter 
— are operated upon with a precision 
unattainable by any other means. 
Slide-valve, in locomotive engines , the 
valve placed in the steam-chest to 
work over the steam-ports. It regu- 
lates the admission of steam to the 
cylinder from the boiler, and the 
escape of the steam from the cylin- 
der to the atmosphere. Its form is 
that of an arch in the centre, with a 
flat face all round to keep it steam- 
tight on the face of the steam-ports. 
It is by the arched part that the 
steam escapes to the atmosphere. It 
is a very simple valve, and answers 
its purpose well, with one drawback, 
namely, the pressure of the steam up- 
on it being unbalanced by any coun- 
ter-pressure. Numerous attempts 
have been made to relieve this pres- 
sure, some of which it is hoped will 
be successful. In stationary engines 
the contrivances differ materially, 
as shown in the woodcut, Figs. 1, 
2, 3. 

Fig. 1 represents in section the 
cylinder, piston, and slide : S is the 
mouth of the steam-pipe coming 
from the boiler ; e is the pipe lead- 
ing to the condenser; t is the rod 
which is attached to the slide, 
moving through a stuffing-box, m n. 
This slide is represented in longitu- 
dinal section, separately, in fig. 3, 
and in transverse section in fig. 4. 
In the position of the slide repre- 
sented in fig. 1, the steam passing 
from the boiler enters at S, and 
passes to the bottom of the cylin- 
der through the opening b , where 
it acts below the piston, causing it 
to ascend. The steam which was 
above tbe piston escapes through 
the opening at a, and descending 
through a longitudinal opening in 
the slide behind the mouth of the 
steam-pipe, finds its way to the 
pipe e , and through that to the con- 
denser. 

When the piston has reached the 
top of the cylinder, the slide will 
have been moved to. the position re- 
presented in fig. 2. The steam now 
j entering at S passes through the 
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opening a into the cylinder above 
the piston, while the steam which 
was below it escapes through the 

Fig. 1. 


t 



^ The form of the valve, 

°* from which it derives 

A — , its name of D-valve, is 
/^"T— 1 represented in fig. 4. 
(ft A | The longitudinal open - 
vVv'S I hig through which t he 
v^~_— steam descends tlmi 
1 1 appears in section of a 
d e semicircular form. The 
packing at the back of the slide 
represented at k ; this is pressed 
against the surface of the valve- 
box. 

Slide-valve lap (Outside). The 
amount by which each end of the 
valve when it is placed in the mid- 
dle of its travel or stroke overlaps 
the steam ports. If the steam ports 
measure 8 ins. from the outside edge 
of one to the outside edge of the 
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opening b and the pipe e to the con- 
denser. 


Fig. 2. Fig. 3. 



other, and the valve be 10 ins. broad, 
it is obvious that when in a central 
position over the ports, such a valve 
would extend an inch beyond each 
outside edge of the ports; therefore, it 
would be said that it had an inch lap. 

The object in giving a slide-valve 
lap is to enable the steam to be 
worked expansively. 

Tlie amount of lap given to the 
slide-valves of locomotives varies 
with the size of engine and type of 
valve motion from 2 to 1 inch. 

Inside lap, is the amount by which 
the valve face overlaps each inside 
edge of the steam ports. 

The effect of inside lap is to delay 
the release of the steam from the 
cylinder. If the inside lap of the 
valve is excessive it will give rise to 




BIX SLIDE-VALVE MOTION. 


back pressure on the piston. The 
slide-valves of many locomotives 
have no inside lap, the edges of the 
steam ports and the edges of the 
valve face being line and line when 
the valve is in the centre of its travel. 
In cases where inside lap is given it 
rarely exceeds tV inch. 

Slide-valve lead. The width which 
the steam port is opened by the 
slide-valve when the piston is on the 
point of commencing its stroke. 

Locomotives are very frequently 
run with slide-valves set so as to have 
§ to | inch lead, but there is no fixed 
rule, and it much depends upon the 
type of valve motion used. Gene- 
rally quick running engines require 
more lead than those running slowly. 

The chief advantage of lead is that 
it ensures the piston commencing its 
stroke under a full pressure of steam. 
If, however, the amount of lead be 
unduly great, the efficiency of the 
engine will be impaired on account 
of the excessive amount of back 
pressure caused by steam being ad- 
mitted to the cylinder while the pis- 
ton has a too considerable portion of 
its stroke to finish. 

Slide-valve travel. The distance 
which the slide-valve moves in one 
direction for each stroke of the piston. 

Slide-valve, setting of the. The 
exact adjustment (in the workshop 
generally) of the rods and other 
pieces giving motion to the slide- 
valve, so that by it the steam may be 
admitted to, suppressed, expanded, 
and released from the cylinder at 
such periods of the piston’s stroke as 
will cause the engine to perform, the 
greatest amount of work for the 
smallest consumption of fuel. 

Slide-valve spindle guide. A 
bracket attached to some portion of 
the engine frame or bed-plate for 
the purpose of supporting that end 
of the spindle to which the eccentric 
rod, or the quadrant link block, is 
attached. 

Slide-valve spindle. A rod to 
which the slide-valve is attached by 
nuts, or by a hoop or frame (generally 
spoken of in workshops as a buckle). 

Slide-valve motion. Is generally 
•understood to include all the mecha- 
nism which aids in transmitting 
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motion from the crank or fly-wheel 
shaft to the valve spindle. 

Sliding rule, a rule constructed with 
logarithmic lines, formed upon a 
slip cf wood, brass, or ivory, inserted 
in a groove, in a rule made to slide 
longitudinally therein, so that by 
means of another scale upon the 
rule itself the contents of a surface 
or solid may be known. 

Slikensides, the name given to 
smooth striated surfaces of rock or 
of mineral lodes, indicating the 
grinding action of the movement of 
heavy masses. Many polished sur- 
faces are called slikensides to which 
the term is evidently inapplicable. 

Slime -pit, a pit to receive the slimes, 
which are often sutLciently valuable 
to pay fur another dressing. 

Slimes, in mining , the muddy waste 
of a dressing floor or from a stamping 
mill ; mud containing metallic ore , 
especially lead, are so called. 

Slings. IiopLs or chains for hoisting 
goods in or out of ships. 

Slip, in metallurgy, an agglomerated 
mass of material in the blast furnace 

suddenly giving way. In naval 

architecture , the slip which has been 
the im»t extensively used is that 
known as ‘ Morton’s slip,’ and which 
was secured by a patent dated March 
23, It? lb, granted to T. Morton, for a 
method of dragging ships out of 
water for repairs, etc. This slip 
consists of an inclined plane, formed 
of timber framing laid upon suitable 
foundations of masonry, or cut in 
the surface of the rock. Upon this 
framing longitudinal metal racks 
are fixed, and a movable carriage, 
upon which the vessel is received (by 
running the carriage to the lower 
part of the plane, beneath the water, 
and securing the vessel upon it), is 
fitted with cog-wheels, or other 
suitable apparatus for working upon 
these racks. The moving carriage 
consists of a succession of small 
strong blocks or carriages, any 
number of which may he connected 
together, according to the length, of 
ve*>el to be hauled up. Each of 
these blocks or carriages, which are 
laid in corresponding pairs on each 
side of the central line of the slip, 
so as to leave a continuous inter- 
mediate space to receive the keel Oi 
the vessel, is fitted with rollers, upon 
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The above measuiements are carefully taken and registered by the 
mechanic who sets the slide-valves. 


which it may be moved transversely ; 
and thus the distance between the 
two blocks of each pair, or on each 
side of the centre, may be adjusted 
according to the sectional form of 
the ship. These motions are in- 
geniously effected with the aid of 
cross-ropes or lines which are fixed 
to the blocks, and by which means 
the entire action of the apparatus is 
much facilitated. The combined 
carnage, when loaded with the 
vessel, is hauled up the slip by cables 
attached to a drum apparatus, with 
suitable gearing fixed in a building 
at t^e head or upper end of the slip. 
The power required is of course in 
proportion to the weight to be hauled 
40J 


up, and to the rate of inclination of 
the slip, and is usually supplied by a 
steam-engine. 

This principle is susceptible of 
being extended, so as to provide 
berths fur several vessels with only 
one hauling-up slip and machinery. 
For this purpose it has been sug- 
gested to construct a series of frames 
arranged radially round a centre, 
and capable of motion and of adjust- 
ment, with one slip constructed in 
such a direction as to correspond 
with a produced radius c f the same 
circle. This arrangement, which 
would be similar to that of the poly- 
gonal engine-houses now erected on 
several lines of railway, offers great 
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facilities for extended operations in 
the repair of vessels, hut of course 
requires great space for the con- 
struction of the radial frames. 

Slip -plate, a long fire-clay trough 
used in preparing the clay for the 
manufacture of terra-cotta. The 
clay, after it is ground, soaked in 
water, and passed through a very 
fine sieve, is put in the slip-plate and 
heated to a boiling temperature, and 
kept at the same heat until^the water 
has evaporated sufficiently to render 
the clay of a consistency fit for use. 

Slit deal, a name for inch and a quar- 
ter-inch deal cut into two boards. 

Slitting mill, or Slicer, a very thin 
sheet-iron disk used by the lapidary 
as a circular saw. 

Sliver, the fine portion separated in 
the combing of wool. 

Sloop, in navigation , a small one- 
masted vessel, the mainsail of which 
is attached to a gaff above and to a 
long boom below. The word is also 
applied to any small ship. 

Slovan, in mining , a gallery in a 
mine, a day-level, especially applied 
to damp places. 

Slud, in mining , a term given to the 
water and mud mixed together, which 
runs off in washing some minerals. 
It is the same word as Sludge . 

Sluice, in hydraulics , a water-gate, a 
flood-gate, a vent for water. 

Smalt, a beautiful blue glass made by 
melting cobalt oie with flint and 
potash ; the ordinary form in which 
cobalt appears in commerce. 

Smaltine, an arsenide of cobalt found 
in Com wall and Cumberland, and in 
several continental localities. I 

Smalto, minute regular squares of | 
coloured glass, used in the modern 
Roman mosaic. 

Smaragdite, a kind of hornblende 
containing chrome and nickel. It is 
found in the Swiss Alps. 

Smaragdus, a name of the emerald 
used by the mineralogist Wollerius. 
(See Emerald.) 

Smeetite, a name given to a kind of 
fuller’s earth, which is found near 
Cillv in Lower Styria. 

Smelite, a kind of kaolin, or porce- 
lain clay, found in connection with 
porphyry in Hungary. It is worked 
into ornaments in the lathe and 
polished. 

Smelt, Smelting, in metallurgy, 


(Germ. Sckmelzen ; Dan. Smelter ; 
Swed. Smalta). The process of 
obtaining the metals from their ores 
by the action of heat. 

‘This is melt with an s prefixed.* 

— Noah Webster. 

‘This term is derived from the 
German verb Schmelzen , to melt. It 
is applied to a process or series of 
processes, by which a metal or a 
metallic compound is separated from 
its ores by fusion on the large scale.* 

Smelting Iron. The redaction of 
iron ore is effected in a furnace 
which, the required intensity of heat 
being obtained by a current of air 
driven rapidly into the furnace, has 
received the name of a blast-furnace. 
The kind of furnaces employed, the 
quantity of ore or mine, as it is 
termed, reduced at each heat, and 
the peculiar method of conducting ? 
the operation, vary widely in dif- 
ferent countries and counties, and 
have some reference in detail to the 
precise quality and composition of 
the ore to be treated. Previous to 
the year 1740, the smelting of ores 
of iron wa«, in England, performed 
solely with the charcoal of wood, 
the ores operated upon being princi- 
pally the brown and red hematites, or 
rich ores, that is, containing a large 
proportion of metal with a small 
quantity of earthy materials. In 
the treatment of this class of ores, it 
may be observed that very little 
improvement has yet been effected, 
the modern process having been 
chiefly applied to the leaver ores, 
such as blackband, etc. The expen- 
siveness and comparative scarcity of 
charcoal as a fuel for the smelting of 
iron ores, induced those engaged in 
the art to attempt the substitution 
of coal for wood-charcoal ; and by 
the year 1788, these attempts had so 
far succeeded, that there remained 
only 24 out of 59 charcoal furnaces, 
while 53 furnaces had been estab- 
lished in which coal, burned into the 
form of coke, was used for the smelt- 
ing of the ore. Since that date, the 
extension of this process has pro- 
ceeded rapidly, and the total 
quantity of metal produced has 
experienced a corresponding aug- 
mentation. At the present time, 
the Backb arrow Iron Company are 
tlie only smelters of iron with wood- 
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charcoal in the kingdom. The 
principal seats of the iron manufac- 
ture in Great Britain are in Stafford- 
shire, South Wales, Cleveland, 
Shropshire, and the neighbourhood 
of Glasgow. In the former district, 
comprising the neighbourhoods of 
Dudley, Bilston, Wednesbury, etc., 
the smelting or blast furnaces are 
constructed almost wholly of bricks. 
They are usually of a conical form 
externally, and sometimes pyra- 
midal, the plan being occasionally 
a square or rectangle, but usually 
circular. In the interior they are 
mostly circular in form, except in 
that part called the hearth. The 
fuel and the ore to be smelted are 
fed into the furnace from the top, 
and its height being from 40 to 50 
feet, an ascending platform or in- 
clined plane is constructed for wheel- 
ing up the barrows in which the 
materials are conveyed. The pipes 
through which the air is driven into 
the furnace (by a steam-engine) are 
called the tuyeres, and are two, three, 
or four in number. The relative 
quantities of coal, iron-tone, and 
limestone, which are put into the 
smelting furnaces of Staffordshire for 
the production of each ton weight of 
iron produced, are about 50 cwt. of 
coal, 50 cwt. of mine (that is iron 
ore), previously calcined, and from 
12 to 10 cwt. of limestone, the latter 
material being added as a flux to 
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promote the fusion of the mass. The 
Conegree furnace, near Dudley, may 
be instanced as a good example of a 
blast-furnace adapted for the econo- 
mical smelting of iron ores. It is 
54 feet in height, 5 feet in diameter 
on the hearth, and 12 feet above, 
widening upward to a diameter of 
13 feet 9 inches, and reduced to 8 
feet above the platform, on which the 
charges are delivered. The quantities 
of materials employed in this furnace 
to make one ton of pig-iron, are of 
coal 2 tons and 5 cwt., or of coke 37 
cwt., charred mine 2 tons 5 to 10 cwt., 
limestone 13 to 16 cwt. 

Each charge delivered into the 
furnace consists of 9^ cwt. of coke, 
12 cwt. of calcined mine, and 4 cwt. 
of limestone. The cylinder from 
which the air is blowm through the 
tuyeres into the furnace is 72£ in. 
in diameter, and the stroke is 7 feet 
in length. Originally there were 
five tuyeres for the introduction of 
the blast, one muzzle being 2£, two 
others 2£, and the other two 2 inches 
in diameter. Subsequently these 
were changed to four muzzles, of the 
respective diameters of 3|, 2£, 2£, and 
2 inches. 

The sizes of blast-furnaces have 
been greatly increased of late years. 
The follow ing list gives the sizes of a 
few of the most important in Durham 
and North Yorkshire: — 


80 feet high, containing 
10 3 £ „ 

* 0 ,; ), 

80 

05 , t 


16.000 cubic feet. 

33,300 ,, 

20,640 „ 

25,500 „ 

27.000 „ 




The increase in 
etatement : — 

In 1740 
„ 1805 
„ 1827 
„ 1840 
„ 1844 
„ 18<;5 
„ 1805 
„ 1872 
„ 1873 


the make of pig-iron np to 1874 is shown by the following 


the make of pig-iron wa3 


17,000 tons. 

259.000 „ 

090.000 „ 

1,090,000 „ 
1,999,608 „ 
3,218,154 „ 
4,819,254 „ 
6,741,929 „ 
0,500,481 „ 

5,991,408 „ 


Smelting Copptr. Copper ore, 
as smelted in Sooth Wales and other 
places, usually consists of pvrites 
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(composed of sulphide of copper and 
sulphide of iron in nearly equal pro- 
portions) and vein-stone. The earthy 
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matters combined with the pyrites 
are commonly siliceous, and the pro- 
cess of smelting consists in alternate 
roastings and fusions. The first of 
these operations is, calcining the ore 
in furnaces in which the heat is ap- 
plied, and increased gradually, till 
the temperature be as high as the ore 
can support without melting or ag- 
glutinating, when the ore is thrown 
into an arch formed under the sole 
of the furnace. The second operation, 
or fusion of the calcined ore, is per- 
formed in a luted furnace, the ore 
having been spread uniformly over 
the hearth, and fluxes, such as lime, 
sand, or fluor-spar, being added 
when required, although the neces- 
sity for this addition is sought to be 
obviated by a careful admixture of 
ores of different qualities, the several 
earthy components of which shall 
serve as fluxes in the fusion of the 
mass. These two processes of calcina- 
tion and fusion are completed alter- 
nately until the ore is completely 
freed" from all the earthy materials, 
and pure metal is obtained. 

The quantity of copper smelted 
from English copper ores was as 
follows, in the last five years: — 



Ore Melted. 

Copper Made. 
Tons 


Tons 

1870 

100,698 

7,175 

1871 

97.129 

0,280 

1872 

91.893 

5,703 

1 873 

80,188 

5,240 

1374 

78,521 

4,981 


so that it will be seen there has been 
'j steady gradual falling oft* in the 
production of British copper. 

Smelting Lead. The ores of lead, 
after being sorted, cleansed, ground, 
end washed, are roasted in furnaces, 
'vhich are without any blast or 
blowing apparatus, the ores being 
LCparable from the metal by its 
great fusibility. Several of the fur- 
naces are usually connected with one 
chimney-stalk, to which a scries of 
flues about 18 inches square conduct. 
The melted lead runs freely from the 
ore, and is drawn off into the moulds 
in successive quantities the ore bring 
repeatedly turned over, and a small 
quantity "of coal added over the 
burning mass at each drawing. 

The quantities of British lead 
T 


smelted during the past five yeaja 
have been as follows : — 



Lead Ore. 

Lead 

Silver in 



Obtained. 

the Lead. 


Tons 

Tons 

Ounces 

1870 

98.176 

73,420 

784,562 

1871 

93,695 

69,056 

761,490 

1872 

83,908 

60,455 

628,920 

1873 

73,500 

54,235 

524,307 

1874 

76,201 

58,777 

509,277 


Smelting Tin. This process con- 
sists of the calcining or roasting of 
the ores after they have been cleaned, 
sorted, stamped, and washed. The 
calcining is performed in a reverbe- 
ratory furnace from 12 to 15 feet 
long and 7 to 9 feet wide. Tho 
hearth of these furnaces is horizon- 
tal, and they have only one opening, 
which is in the front, and closed by 
an iron door. The sulphureous and 
arsenical vapours which arise from 
the ore are conducted by chimneys 
over the doors of the range of fur- 
naces into horizontal flues, in which 
the acid is condensed. In the pro- 
cess of calcination, which occupies 
from 12 to 18 hours, according to the 
quantity of pyrites contained in tho 
ore, 6 cwt. of ores are treated at 
once, and the materials are stirred 
from time to time, to prevent them 
from agglutinating. 

The quantities of tin raised in 
Cornwall and Devon during the past 
five years have been : — 



Tin Ore. 

Tin obtained. 


Tons 

Tons 

1870 

15,234 

10,200 

1S71 

16,272 

10,900 

1872 

14.266 

9,560 

1873 

14,834 

9,972 

1871 

14,039 

9,912 


Smear, fats, oils, etc., for lubricating 
the bearings and joints of machi- 
ne rv. 

Smelling Salts, the sesquicarbonatfl 
of ammonia. In filling a smelling- 
bottle it is* usual to add a few drops 
of the strongest liquid ammonia, and 
to put a few grains of the subcarbo- 
nate of potash on the top, which 
greatly increases the pungency of 
the salts. 

Smelters, in metallurgy , Fr. L\cola$ t 
the men who take charge of the 
working of the iron furnace. The 
melters of metallic ores in general. 
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Smithonite, a name given to native 
silicate of zinc. 

Smoke, Prevention of. There is 
perhaps no subject so difficult, and j 
none so full of perplexities, as that 
of the management of a furnace, and 
the prevention of smoke. Mr. Fair- 
bairn, in his report to the British 
Association on the Combustion of 
Fuel and the Prevention of Smoke, 
observes : — ‘ I have approached this 
enquiry with considerable diffidence, 
and after repeated attempts at defi- 
nite conclusions, have more than 
once been forced to abandon the in- 
vestigation as inconclusive and un- 
satisfactory. They chiefly arise from 
the constant change of temperature, 
the variable nature of the volatile 
products, the want of system, and 
the irregularity which attends the 
management of the furnace. Never- 
theless, the prevention of smoke, and 
the perfect combustion of the fuel, 
are completely within the reach of 
all who choose to adopt measures 
calculated for the suppression of the 
one and the improvement of the 
other. 

* On presenting to the British As- 
sociation an enquiry into the merits 
of Mr. C. Wye Williams’s Argand 
furnace compared with those of the 
usual construction, it was found from 
an average of a series of experiments, 
that the saving of fuel (inclusive of 
the absence of smoke) was in the 
ratio of 202 to 300, or as 1 : 1*039, 
being at the rate of 4 per cent, in 
favour of Mr. Williams’s plan. Since 
then a considerable number of ex- 
periments have been made by Mr. 
Houlds worth, Mr. Williams, and 
others, which present some curious 
and interesting phenomena in the 
further development of this subject.’ 

As the entire question of the pro- 
per combustion of the fuel depends 
on the admission and action of the 
air. it may here be useful to state 
that each ton of bituminous coal 
produces on an average, 10,000 cubic 
feet of gas; and further, that each 
cubic foot of this gas requires for its 
combustion 10 cubic feet of air at 
atmospheric temperature. That this 
is independent of the quantity re- 
quired for the combustion ot the 
coke portion of the coal, and which 
is estimated at double the quantity 
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required by the gas. Thus, then, 
100,000 cubic feet of air are abso- 
lutely necessary for the combustion 
of the gas alone of each ton of coal, 
and 200,000 for the coke of the same 
ton as eight. 

On the question of quantity, then, 
there is no doubt or difficulty. The 
next point for consideration is as to 
the place and mode of introducing 
this large quantity of air, so that the 
necessary admixture of the air and 
the gas may be effected. 

The preA'ention of smoke is so 
directly connected with the con- 
struction of boilers, as to render it 
necessary to refer to the plan now 
almost universally adopted, namely, 
the multitubulous plan. On this point 
there is a great diversity of opinion 
among engineers. By numerous im- 
provements made by Mr. Williams, 
Mr. Dewrance, and others, it has 
been ascertained that the value of 
the tubes as heat-absorbing surface 
has been greatly overrated. It ap- 
pears, practically, that with the ex- 
ception of the first 12 or 24 inches of 
the tubes, the remainder have very 
little steam-generating effect, and 
that as a general principle the effec- 
tive heating surface of tubes should 
only be estimated at one-tenth of 
their superficial area. That when 
coal is used the tubes are seriously 
productive of smoke, and its accom- 
paniment, soot. Considerable at- 
tention has been given of late to this 
point, since the economy in the use 
of coal instead of coke in locomotives 
has been so fully ascertained. With 
the view* of avoiding the nuisance of 
smoke in locomotives their construc- 
tion has of late been much modified. 
The necessity for a second, or com- 
bustion chamber, is now generally 
admitted, thus assimilating their con- 
struction to that of marine boilers, 
as already described. So insufficient 
has been the effect of tubes as steam- 
geneiators, and ''O injurious are they 
in the generation of smoke, that an 
impoitant change will no doubt 
shortly take place. It is even now’ 
found by Micco-^ful practice on the 
London and Notth-wvstom Railway, 
that while the eombu>tion-ehambers 
are much enlarged, the tubes are no 
more than 22 inches in length. 

Smoke, Smokory, quartz, a variety 
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of quartz having a smoke-coloured 
tint: it comprises the clove- brown 
variety of cairngorms. 

Smoke-box, the end of the boiler on 
which the chimney is placed. Loco- 
motives with inside cylinders have 
them placed in this box, which keeps 
both them and the steam-pipes at a 
high temperature. 

Smoke-box door, the door in front 
of the smoke-box, by which access 
is gained to the cylinders or steam- 
pipes, and other parts placed in this 
box. 

Smush-pot, in water-colour painting, 
a small tin pot for washing brushes in. 

Smut, black carbonaceous matter into 
which a coal-seam decomposes at its 
outcrop. A disease in grain. 

Smuth, or Mucks, in coal-mining , 
waste, poor, small coal. 

Smytham, in minbuj. When the sieve 
was in use, the smallest ore that 
passed through it was so called. 

Snake-stone, a hone slate, much 
used for polishing marble and copper j 
plates. 

Snake, To, to tie turnwisc opposite 
parts of the standing rigging by 
means of a thin rope, to give more 
strain. 

Snake-wood, a kind of speckled wood 
used in Demerara, Surinam, etc., for 
the bows of the Indians : the colour 
of the wood is red hazel, with numer- 
ous black spots and marks, which 
have been tortured into the resem- 
blance of letters, or the scales of rep- ; 
tiles. When fine, it is very beautiful, j 
and is scarce in England : chiefly I 
used for walking-sticks, which are 
expensive. The pieces that arc from 
2 to G inches in diameter arc said to 
be the produce of large trees. 

Snow, in navigation , the largest of 
European two-masted vessel-. The 
sails and rigging are exactly similar 
to those of a ship, only behind the 
mainmast of a snow there is a small 
spar or mast, fixed into a blot k of 
wood on the quarter-deck, which 
carries a sail resembling the mizen 
of a ship. 

Snying, in navigation , a ciicular plank 
edgewise, to work in the bow. 

Soap-engine, a machine upon which 
the slabs of soap are piled to be cross- 
cut into bars. 

Soap-stone, steatite; a magnesian 
mineral. 
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Socle, in architecture , a fiat square 
member under the bases of the pe- 
destal of statues and vases. 

Soda, one of the alkalies ; an oxide of 
sodium. 

Sodium, the metallic base of the 
alkali soda, discovered by Sir H. 
Davy in 1808. It resembles potas- 
sium in appearance. 

Soffit^ in architecture, the internal 
concave surface of the arch. Any 
timber ceiling formed of cross-beams 
or flying cornices, the square com- 
paitments or panels of which are 
enriched with sculpture, painting, or 
gilding. 

Soil, a name given to that part of the 
Earth’s crust which is available for 
the growth of plants ; it is the result 
of the decomposition or weathering 
of rocks, and con-ists of the mineral 
substance of which the rocks were 
composed, mixed with organic mat- 
ter produced by the decay" of plants. 

Sol, in heraldry, denotes or, the golden 
j colour iu the arms of sovereign 
princes. 

Solanine, an organic base contained 
in the berries of several species of 
Solatium, in the tubers and green 
parts of the potato ( Solanum. tube- 
rosum), and especially in the flowers, 
stalks and berries of the woody 
nightshade ( Solanum dulcamara). 
It iir-t discovered by Desfosses 
in 1820 in the berries of the black 
nightshade ( Solanum nigrum). 

; Solar month, that space of time oc- 
cupied by the sun in going through 
[ one sign or a twelfth part of the 
zodiac. 

Solar oil, the commercial name of 
the hoarier portions of petroleum 
and dialo-oil. 

Solar System, in astronomy , the 
order or Mippo>ed disposition of the 
celestial bodies which move round 
the Min as the centre of their motion. 

Solar year, that space of time in 
■which the Min returns again to the 
same equinoctial or solstitial point, 
which is about 3U3 days, 5 hours, 
and 30 minutes. 

Solazzi juice, a name given to the 
be>t >pauE!i liquorice, Solazzi being 
the maker's name. 

Soldering is the process of uniting 
the edges or surfaces of similar or 
dUsimilar metals and alloys, by par- 
tial fusion. In general, alloys or 
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solders of various and greater de- 
grees of fusibility than the metals to 
be joined, are placed between them, 
and the solder, when fused, unites 
the three parts into a solid mass : 
less frequently the surfaces or edges 
are simply melted together with an 
additional portion of the same metal. 

Sole, in mining , the seat or bottom of 
a mine, applied to horizontal veins 
or lodes. 

Sole of a blast furnace, the bottom 
stone or bed upon •which the metal 
rests. The hearth of a lining furnace. 

Solidity, in geometry , the quantity of 
space contained or occupied by a 
solid body $ called also its solid con- 
tents, estimated by the number of 
solid or cubic inches, feet, yards, 
etc., which it contains. 

Solids are all bodies that have 
three dimensions; and among geo- 
metricians those that arc termi- 
nated by regular planes are called 
regular solids, such as the tetra- 
hedron, hexahedron, octaliedroD, 
dodecahedron, and icosahedron. 

Sollar, in mining , tile wood-work 
covering the space in a shaft at the 
bottom of each ladder, leaving but a 
man-hole for the passage of the 
miner ; also wood flooring laid along 
a level, some inches above the bot- 
tom, for ventilating or other pur- 
poses. 

Sombrerite, an earthy mineral, con- 
sisting mainly of calcic and aluminic 
phosphates, occurring on some of the 
small e-lands of the Antilles, chiefly 
on Sombrero. 

Somerset, a saddle the flaps of which 
are stuffed before and behind the 
legs of the rider. 

Sondelets of iron, used for the win- 
dows of St. Stephens chapel, are 
tastenings and cross-mullions. 

Sonora gum, the exudation of a 
Mexican tree, the Silimosa ceiifl/u : it . 
is caused by the punctures of the i 
coccus insect. The gum is u^ul in ! 
Mexico as an irritant. 

Sorbite, an unferment able sugar, 
isomeric with grape and milk-sugar, 
existing in the ripe juice of the 
mountain - ash berries. The ex- 
pressed juice of the berries, gathered 
towards the end of September, pro- 
duces deposits and vegetations when 
left to itself for thirteen or fourteen 
months, and at last becomes clear 


again ; and the clear liquid, de- 
canted and evaporated to a thick 
syrup, yields repeated crops of crys- 
tals, which are obtained pure by two 
crystallisations with help of animal 
charcoal. Sorbite forms very fine, 
regular, transparent crystals, which, 
according to Berthelot, belong to 
the trimetric system, and are for 
the mort part rhombic octahedrons. 
— Watts. 

Sordawallite, a mineral found in 
layers in the trap rock of Finland. 
In appearance it somewhat resembles 
pit-coal. Its specific gravity is = 
2*53 — 2*58. Hardness — 2*5. 

Sorgho, a sugar-producing grass, a 
native of China ; in 1851 some seeds 
of the plant were sent to France, 
where it was cultivated, and various 
experiments tried as to its value for 
the manufacture of sugar. The sur- 
face of the plant is covered with 
ccrasin, a waxy substance, which is 
said to make veiy good candles 
when mixed with tallow. The 
plant, after the juice has been ex- 
pressed, is used for making paper. 
The seed is used in some parts of 
France for making the finer sorts of 
biscuits and bread, and also for 
feeding animals ; but after a con- 
tinued use of it, the bones of the 
animals gradually become red. The 
floral leaves and stem contain a red 
colouring matter, which is used for 
dyeing silk and wool. 

Somes, in metallurgy , the pieces of 
rich hard cinder found at the bottom 
of the hearth. 

Sonder, a name given by the French 
to the process of joining tortoise- 
shell by adhesion. 

Sough, in mining , an adit or level for 
cai lying oft' water. The term is 
principally Uicd in Derbyshire. 

Sound is produced by a shock or im- 
pulse given to the air: these im- 
pulses, if quickly repeated, cannot 
be individually attended to by the 
ear, and hence they appear as one 
continued sound, of which the pitch 
or tone depends on the number 
occurring in a given time; and all 
continued sound is but a repetition 
of impulses. 

The motion of sound through the 
air is at the rate of about 1,125 feet 
per second at the temperature of G2°. 
At the freezing temperature, when 
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the air ig denser, it is only 1,089$ 
feet per second. The method of de- 
termining this velocity is to watch 
the time that elapses between the 
flash and the report of a gun fired 
at the distance of several miles from 
the observer. As light travels at 
the rate of nearly 200,000 miles per 
second, its passage occupies a portion 
of time too small to be measured 
in any terrestrial distance. It may, 
therefore, be supposed to be seen at 
the distance of several miles from 
the observer at the very instant of 
its production. If, therefore, an ob- 
server at one station begin to count 
seconds on an accurate dial, the mo- 
ment he sees the flash of a gun at 
another station, say ten miles oil", the 
number of seconds and*fractions of 
a second which elapse between seeing 
the flash and hearing the report will 
give a divisor for the number of feet 
between the two stations, and the 
quotient will represent the velocity 
of sound in feet per second. 

All sounds, whatever their inten- 
sity, whether the noise of a cannon 
or u whisper, — whatever their pitch, 
whether from the diapason organ- 
pipe or the chirping of a cricket, — 
and whatever their quality, whether 
the finest music or the most grating 
noise, — all travel with the same 
amount of speed. 

When sound from any force is 
propagated in air, -waves are formed 
similar in character to those which 
may be so beautifully studied when 
the wind is blowing over a field of 
standing corn. Now, when it is said ^ 
that sound travels at the rate of 1,12-3 
feet per second, it is not meant that 
the particles of air move through 
that distance any more than the ears 
ot corn travel from one end of the 
field to the other ; it is only the form 
of the wave which thus travels. So 
w ith the particles of air : their indi- 
vidual movement is confuted within 
narrow limits ; but the effect of this 
movement is propagated from par- 
ticle to particle with the rapidity 
of 1,125 feet per second, which, al- 
though it would be thought very 
rapid for a motion or the transfer of 
a body (being about ten times faster 
than the most violent West India 
hurricane), is yet very slow for the 
communication or transfer of mo- 


tion ; for, if we pull or push one end 
of a solid rod, or the liquid filling a 
long tube, the other end appears to 
move at the same instant : and al- 
though this motion must occupy 
time (unless the body were perfectly 
incompressible), it is much more 
rapid in these cases than in air, 
which, on account of its great com- 
pressibility, is one of the slowest 
conveyers of sound. Everyone must 
have observed that vibration can be 
diffused through a long mass of 
metal or wood, so as to be heard at a 
gre iter distance than through air ; 
but in this case, if the sound be loud 
enough to be audible through the 
air also, it will be heard twice, first 
through the solid, and then through 
the air. Iron conveys sound about 
17 times faster than *air, -wood from 
17 to ID times, and water H times 
faster than air. 

When waves of sound meet any 
fixed surface tolerably smooth, they 
are reflected according to the law of 
equal angles of incidence and reflec- 
tion. In this way echoes are pro- 
duced. Between two parallel surfaces 
a loud sound is reflected backwards 
and forwards, and several echoes are 
audible. Six may be heard between 
Carlton Terrace ‘ and the Birdcage 
Walk, in St. James’s Park, London ; 
fourteen between the steep banks of 
the Avon at Clifton, and as many 
under Maidenhead railway bridge. 
When the parallel surfaces arc much 
nearer together (as the walls of a 
room), although a large number of 
echoes are produced, they follow each 
other too rapidly to be distinguished ; 
and as they reach the ear after equal 
intervals, they produce a musical 
note, however unmusical the original 
noise may have been. Hence all the 
phenomena of reverberation. The 
pitch ot the note depends on the dis- 
tance between the two walls which 
cause it, and may be calculated 
therefrom. 

A noise may also produce a musi- 
cal echo by being reflected from a 
large number of equidistant surtaces 
receding from the ear, so that the 
sound reflected from each may arrive 
successively at equal intervals. If 
we stamp near a long row of pali- 
sades, a shrill ringing will be heard. 
A tine instance of the same kind is 
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said to occur on the steps of the great 
Pyramid. If the distance from edge 
to edge of each step were 2 feet 1 
inch, the note produced would be the 
tenor c, because each echo (having 
to go and return) would be 2 feet 4 
inches later than the previous one, 
which is the length of the waves of 
that note. But as the steps gradually 
diminish in size upwards, the echo, 
if produced, and heard at the bot- 
tom, must gradually ii*e in pitch. 

Sir Isaac Newton discovered a 
wonderful coincidence which exists 
between sound and colour*, and 
proves mathematically that the 
spaces occupied by the colours in the 
prismatic spectrum correspond with 
the parts of a musical chon l, when it 
is so divided as to sound the notes of 
an octave. So this resemblance may 
now be considered as extending fur- 
ther, for as in nuide, so likewise in 
colours, it will be found that har- 
mony consists in di-dance and con- 
trast, notin similitude or approxima- 
tion. Two notes near each other are 
grating to thcear, and called discords: 
in like manner, two colours very' near 
each other are unpleasing to the 
sight, and may be called discordant. 

The science of acoustics is little 
understood, consequently not studied 
in theory. The want of knowledge 
of the theory of sound (phonics), in 
architecture, is a positive evil, and 
olttimes of grievous complaint made 
of our public buildings, after the 
expenditure of considerable sums of 
money'. Sir John Ilerschel states, 
that sounds of all kinds agree in the 
following particulars 1. The ex- 
citement of a motion in the sounding 
body. 2. The communication of this 
motion to the air and other inter- 
medium which is interposed between 
the sounding body and our cars. 
3. The propagation of such motion 
from particle to particle of such in- 
termedium in due succession. 4. Its 
communication, from the particles 
of the intermedium adjacent to the 
ear, to the ear itself. 5. Its convey- 
ance in the air, by a certain me- 
chanism, to the auditory nerves. 
6. The excitement of sensation. The 
motion of sound has been demon- 
strated by Chladni on plates of glass 
and metal, by strewing sand on their 
surfaces, and observing the forms 
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it assumed when the sound ceased, 
the sound being produced on the 
plate by a violin bow. Sound has 
been used to discover the nature of 
disease : by the stethoscope, an in- 
strument similar to a flute tube, 
physicians ascertain the state of 
pulmonary disorders, by applying it 
to the exterior surface of the body 
covering the lungs. In Chladni’s 
theory, it is stated that rooms will 
be favourable to the transmission of 
sound when arranged to facilitate its 
natural progress, — when its intensity 
is augmented by resonance or simul- 
taneous reflection, -so that the re- 
action is undisting uishable from the 
primitive sound, — when not too lofty 
or too vaulted, — when there is not a 
too extensive surface for the sound 
to strike against at once, — when the 
seats are successively elevated. He 
observes, that when the enclosed 
space does not exceed 65 feet, any 
to ini may be adopted for a room ; 
that elliptical, circular, and semi- 
circular plans produce prolonged 
reverberation ; parabolic plans and 
ceilings are the best for distinct hear- 
ing; and that for concert-rooms, 
square and polygonal plans should 
have pyramidal* ceilings, and circular 
plans domed ones, and the orchestra 
be placed on high, in the centre, to 
produce the best effect, and avoid 
echo. Mr. Hubert Mills, an American 
architect, describes the House of 
Representatives of the United States 
Congress as the most elegant le- 
gislative hall in the world : the plan 
is a semicircle of 96 feet chord, elon- 
gated in its diameter line by a paral- 
lelogram 72 feet long by 25 feet wide : 
the height to the entablature block- 
ing is 35 feet, and to apex of the 
domed ceiling 57 feet, which is 
pierced by a circular aperture, 
crowned by a lantern. Besides addi- 
tional seats and other improvements, 
a more important object has been 
accomplished, — namely, rendering 
the hall a better speaking and hear- 
ing room, in which it was before 
seriously deficient. The voice is now 
comparatively distinct, and the ear 
not sensible, except in a few par- 
ticular points, of any reverberation 
of the sound : where the voice before 
was confused and indistinctly heard, 
it is now full and clear. 
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Sounding-board, a canopy over a 
pulpit, intended to diffuse the sound 
of a preacher’s voice through the 
church. 

Sours, the acid solutions used by the 
bleacher. 

Sow-iron, in metallurgy , the iron 
which remains in the feeding chan- 
nels of the pigs, in running out of 
the blast furnace. 

Sows. In metallurgy, the feeding chan- 
nels of a sandbed are called sows. 

4 The names of pig and sow are fanci- 
fully suggested by a sow feeding her 
litter.’ — Percy. 

Spading, in mining , breaking up into 
small pieces for the sake of easily 
separating the ore from the rock, 
after which it undergoes the pro- 
cess of lobbing. 

Spale, or Spall, in mining , to inflict a 
fine for some breach of the rules of 
the mine. 

Span, or chord of an arch, an ima- 
ginary line extending between its 
springing on each side. 

Sp andril, an irregular triangular space 
formed between the outer curve or 
extrados of an arch ; a horizontal 
line from its apex and a perpendi- 
cular line from its springing ; also 
a space on a wall between the outer 
mouldings of the two arches, and 
a horizontal line or string-course 
above them ; likewise between 
similar mouldings and the line of 
another arch rising above and en- 
closing the two. 

Spandril bracketing, a cradling of 
brackets fixed between one or 
more curves, each in a vertical 
plane, and in the circumference of 
a circle whose plane is horizontal. 

Spaniolitonin, a colouring matter 
found in small quantities in litmus, 
by Kane. 

Spanish, and Moorish Architec- 
ture. (See Architecture.) 

Spanish Black is a soft black, pre- 
pared by burning cork in the man- 
ner of Frankfort and ivory blacks; 
and it differs not essentially from 
the former, except in being of a 
lighter and softer texture. It is 
subject to the variation of the 
charred blacks, and eligible for the 
same uses. 

Spanish Chesnut. (See Chesnut.) 

Spanish Ferreto, a rich reddish 
brown obtained by calcining copper 


and sulphur together in closed cru- 
cibles. 

Spanish Red is an ochre differing lit- 
tle from Venetian red. 

Spankada, a resin which occurs in 
lumps on the stems of the pine 
trees of Northern Sweden : the ex- 
terior is of a brownish colour and 
the interior a yellowish brown. In 
Sweden it is used for chewing, as 
it is said to cleanse the teeth and 
keep the mouth cool ; by continued 
chewing it becomes rose-red and 
brittle. 

Spanshacle, a large bolt driven 
through the forecastle and forelocked 
under the forecastle-beam, and under 
and upon the upper deck-beam ; 
on the forecastle it has a large 
square ring, for the end of the 
davit to fix in. 

Spar, a piece of timber employed as a 
common rafter in a roof. A crys- 

tallised earthy mineral ; it is white, 
and has a shining, lustrous appear- 
ance. 

Spathic, or Spathose iron, native 
carbonate of protoxide of iron, much 
used for making iron for steel. 

Specific Gravity of a body is the 
relation of its weight, compared 
with the weight of some other body 
of the same magnitude. . A body 
immersed in a fiuid will sink if its 
specific gravity be greater than 
that of the fluid ; but if it be less, 
the body will rise to the top, and 
will be only partly uncovered. 
If the specific gravity of the body 
and fluid are equal, then the body 
will remain at rest in any part of 
the fluid. If the body be heavier 
than the fluid, it loses as much of 
its weight when immersed as is 
equal in weight to a quantity of 
the fluid of the same bulk. If the 
specific gravity of the fluid be 
greater than that of the body, then 
the quantity of the fluid displaced 
by the part immersed is equal in 
weight to the weight of the whole 
body. Therefore the specific gra- 
vity of the fluid is to that of the 
body as the whole magnitude of 
the body is to the part immersed. 
The specific gravities of equal so- 
lids are as their parts immersed in 
the same fluid. The specific gra- 
vities of fluids are as the weights 
lost by the same immersed body. 
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To form a Table of the specific 
weights of various substances, it is 
necessary to select one as the standard 
of comparison: in practice, pure 
water is always chosen as the start- 
ing point for solids and liquids, and 
pure atmospheric air for gases, the 
number 1 (1*000) expressing their 
specific gravities. The formation of 
two series is considered to be more 
convenient than the comparison of 
all bodies by one standard, on ac- 
count of the perplexity of the num- 
bers which would result. 


Table of the Specific Gravities of 
Metals at C0° (15*5° C.) 


Water . 



. . l'OO 

Platinum 



. 21-50 

Gold 



. 19-50 

Tungsten 



. 17-60 

Mercury . 



. 13-59 

Palladium 



11-30 to 11-61 

Lead 



. 11-35 

Silver 



. 10-50 

Bismuth . 



. 9-20 

Uranium 



. 9-00 

Copper . 



. 8-96 

Cadmium 



. . 8-70 

Nickel . 



. 8-80 

Cobalt 



. 6-54 

Manganese 



. 8-00 

Iron 



. 7-79 

Molybdenum 



. 7-62 

Tin . 



. 7-29 

Zinc 



. 6-86 to 7'10 

Antimony 



. 6-80 

Tellurium 



. 6-11 

Arsenic . 



. 5-88 

Aluminium 



. 2-56 to 2-67 

Magnesium 



. . 1/5 

Sodium . 



. 0-672 

Potassium 



. 0-865 

Lithium . 



. 0-593 


Specific Gravity of Water at different 
Temperatures . 


At 70° p ahr . 


Sp. gr. 

. 0-99923 

68° 


. 0-99936 

660 


. 0-99958 

64° 


. 0-99980 

620 


. 1-00000 

60° 


. 1-00018 

68° 


. 1-00035 

660 


. 1-00050 

54 ° 


. 1-00064 

62 ° 


. 1-00076 

60® 

AMt 

• 

. 1-00087 


48° .... 

1-00995 

46° .... 

1-00102 

44° .... 

1-00137 

42° .... 

1-00111 

40° .... 

1-00113 

38° .... 

1-00115 

Thompson's Dr. Annual. 

Solids and Liquids. 

Water .... 

. 1-000 

Diamond 

. 3*5 

Rock Crystal 

. 2-6 

Window-glass 

. 2-52 

Wax .... 

. 0-964 

Sulphuric acid 

. 1-84 

Oil of Turpentine . 

. 0-865 

Spirit of Wine (strong) 

. 0-83 

Ether .... 

. 0-72 

Gases. 

Atmospheric air . 

. 1-000 

Oxygen . . . 

. 1-106 

Hydrogen . . . 

. 0-069 

Nitrogen 

. 0-972 

Carbonic acid 

. 1-524 

Carbonic oxide 

. 0-967 

Pit gas .... 

. 0-558 

Light gas 

. 0-985 

peckled Wood, (See 

Snake 


Wood.') 

Spectrum Analysis,the exam ination 
of the chemical properties of bodies 
or substances by means of the light 
emitted by them when in a state of 
glowing gas. The spectrum of an 
incandescent solid or liquid is con- 
tinuous , but the spectrum of an in- 
candescent gas is not continuous , it 
is broken by well-defined bands of 
light ; therefore the luminous va- 
pour of a substance is used in spec- 
tral analysis. Every elementary sub- 
stance, when in a state of glowing 
gas, has a spectrum consisting of 
various bands of light peculiar to 
itself, and which never changes ; the 
vapour of the same substance always 
produces the same spectrum. How- 
ever far the source of light may be 
from the observer, if the lines are 
well defined, he can by means of this 
peculiarity of the spectrum discover 
the elements of the substance which 
causes the light. It is by this means 
that our scientific men have been 
enabled to detect much concerning 
the chemical composition of the sun, 
fixed stare, etc., which was hitherto 
unknown, as well as to obtain much 


SPS 


SPHEROID. 


SPX 


more accurate knowledge of the 
chemistry of terrestrial matter. 

Spectrum. If a ray of light is made 
to fall upon a triangular piece of 
glass — a prism — it is bent out of its 
course, and it forms a beautifully 
coloured flame-like image. This is 
a spectrum. The solar spectrum 
consists of sundry bands of colour : 
red, orange, yellow, green, blue, 
indigo, and violet. These form what 
is called the Newtonian Spectrum, 
the laws respecting those rays hav- 
ing been first determined by Sir 
Isaac Newton. 

Specular Iron Ore, peroxide of 
iron ; its crystals have usually a 
brilliant metallic lustre. A "va- 

riety of hematite. 

Speculum Metal, a metallic alloy, 
consisting of two parts copper and 
one tin. 

Speiss, Speise, an alloy of arsenical 
metals. 

Spelter, the commercial name of 
zinc. 

Spend, in mining , to break ground, to 
work a way. 

Spere, the screen across the lower end 
of the hall, in domestic buildings of 
the middle ages. 

Sperver, the wooden frame at the top 
of a bed or canopy. 

Spessarton, manganese garnet. 

Sphene, or Sphen, an ore of tita- 
nium. 

Sphenoclase, a mineral found at 
Gjelleback in Norway ; it occurs in 
the limestone in parallel layers, 
varying in thickness. Its colour is 
grayish yellow ; when broken, the 
edges are translucent ; it has a 
splintery fracture, and breaks into 
wedge-shaped fragments. It is nearly 
as hard as orthoelase. 

Sphere, in geometry , a globe, a solid 
contained under one uniform sur- 
face, every point of which is equally 
distant from a point within, called 
the centre of the sphere, and may be 
conceived to be generated by the, re- 
volution of a semicircle about its dia- 
meter, which is fixed, and is called 
the axis of the sphere. 

Spherical bracketing, the forming 
of brackets to support lath-and-plas- 
ter work, so that the surface of the 
plaster shall form the surface of a 
sphere. 

Spheroid, a solid body resembling a 


sphere, supposed to be generated by 
the revolution of any oval about an 
axis. 

Spheroidal bracketing, the bracket- 
ing prepared for a plaster ceiling 
whose surface is to form that of a 
spheroid. 

Spheroidal state, the name given 
by Boutigny to the condition ‘as- 
sumed by water when projected into 
red-hot vessels. Under this condition 
the temperature of the spheroid 
never rises to the boiling point. 

Spherulite — Kidneystone. These 
names are applied to certain spheri- 
cal granules occurring imbedded in 
pitch-stone and pearl-stone. They 
are of gray, yellow, or red colour, 
with little or no lustre, translucent 
or opaque, and have a splintery 
fracture. — IVatts 

Sphyrelata, hammered metal-work, 
the earliest kind of art manufacture 
in metal. 

Spiceries and Pepper-boxes were 
made very large in the Tudor times 
and placed on the high table : their 
shape was that of a tower, castellated 
and triple-turreted, into which all 
kinds of spices were placed, of 
which our ancestors were inordinately 
fond. 

Spiegeleisen, in metallurgy , specular 
ca^t iron. It is thought to be a defi- 
nite compound of iron, carbon, 
ami manganese, with the formula 
(Fe,Mn)lC. The use of spiegeleisen 
forms an essential part of the Bes- 
semer steel-making process. (See 
Steel.') 

Spieglas, native antimony, of very 
rare occurrence. 

Spike oil, a volatile oil obtained from 
the leave?* and stalks of Lavandula 
spica. It is heavier than the true 
lavender-oil, which is from the 
flowers of the Lavandula, deposits 
more camphor, and has a less plea- 
sant odour. 

Spindle tree : the wood of this tree 
is yellow and like English boxwood, 
only straighter and soiter; it is used 
for bobbins and common articles ; it 
is used in France for inferior carpen- 
ters' rules : its charcoal is used for 
gunpowder, and is sometimes em- 
ployed by artists, being easily ef- 
faced 

Spinel, a ruby. The red spinel from 
Ceylon i3 a valuable gem. The 
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scarlet spinel is termed spinel ruby ; 
the rose-red, bcilas ruby, the yellow 
or red, rubicelle ; and the violet- 
coloured, almandine ruby . 

Spinning-jenny, in mechanics, a ma- 
chine used in the common manufac- 
tories to turn a great number of 
spindles by means of bands from a 
hoiizontal wheel. 

Spinning-wheel, the wheel formerly 
employed in the ^pinning of material ! 
for textile fabiics : it consisted of a I 
wheel which gave motion to a spindle, ! 
on which the thread spun by the 
fingers was wound. 

Spira (Latin), the base of a column : 
this member did not exist in the 
Doric order of architecture, but was 
always present in the Ionic and Co- 
rinthian ; and besides the bases pro- 
perly belonging to those ordei^, there 
was one called the Attic, which 
may be regarded as a variety of the 
Ionic. 

Spiral, in geometry , a curve-line of the 
circular kind, which in its progiess 
always recedes more and more trom 

its centre. In architecture, a 

curve that ascends winding about a 
cone or spire, so that all its points 
continually approach itsaxi*. 

Spiral pipe oven, in metallurgy, an 
arrangement for heating air for the 
blast furnace, consisting of a long 
spiral of cast iron pipes, connected 
with each other by cemented socket 
ioints, through which the air to be 
heated circulates. 

Spire, in geometry, a line drawn pro- 
gressively round the same axis, 
with a distance between each circle ; 
a curve-line ; anything contorted or 
wreathed ; a curl, a twist, a wreath. 
In architectiu e, it denotes anything 
growing up taper ; a round pyramid, 
a steeple. 

Spire-spiry, in geology, the bands of 
slaty carbonaceous matter which 
alternate with the bituminous layers 
in a coal scam. Used only in 
Leicestershire. 

Spirit. In old chemical language this 
word meant any liquid obtained by 
distillation ; now’ the word is chietly 
applied to ethylic and methylic 
alcohols ; but in pharmaceutical 
language it is still used as a generic 
name for aromatic alcoholic distil- 
lates and certain alcoholic solu- 
tions. 
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Spirit of Tin. Muriate of tin is so 
called by the calico-printers. 

Spirit of Wine, or Alcohol, ardent 
spirit ; the result of vinous fermenta- 
tion. The spirit is distilled over at 
a graduated temperature, and sub- 
jected to rectification to deprive it 
of its water. It is not possible by 
distillation alone to obtain absolute 
alcohol, that is, alcohol free from 
water, although alcohol of sufficient 
purity for all practical purposes is 
readily obtained. .Rectified spirits 
contain from 51 to 64 per cent, of 
absolute alcohol, and its specific 
gravity is O’SSS. 

Spirit-level, a cylindrical glass tube, 
Idled with spirit of wine, except a 
small bubble of air. In whatever 
position the tube may be placed, the 
bubble of air w ill always tend to the 
highest part of it ; but when placed 
in a perfectly horizontal position, the 
bubble will remain stationary at the 
centre of the tube. 

Spirketing, the strake wrought on 
the ends of the beams of a ship ; 
where there are ports, it is the two 
strakes worked up to the port-cells ; 
in which case the middle of the 
planks should not be reduced, unless 
it occasions the butts to be less than 
6 inches. 

Spital, a hospital. 

Splashers, screens or guards placed 
over locomotive-engine wheels (usu- 
ally faced with brass), to prevent 
any person on the engine coming 
in contact with the wheels, and 
also to protect the machinery from 
any wet or dirt thrown up by the 
wheels. 

Splay, the slanting or bevelled ex- 
pan sion groin, in Gothic and 
Domestic architecture, to doors, 
windows, and openings in walls, 
etc. 

Splint Coal, a variety of bituminous 
coal w'itli a slaty structure. 

Split-pins, and Cotters, round and 
flat pms, with a head at one end, 
and split at the other end. They are 
used through the ends of bolts, to 
keep them from getting out of their 
place, the split end being opened 
like the letter to keep the pin 
or cotter from falling out. 

Sponge. Sponges are organisms liv- 
ing in water, and consisting of a soft 
gelatinous mass, mostly supported 
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by an internal skeleton composed of 
reticular anastomosing hairy fibres, 
in or among 'which are usually im- 
bedded calcareous or sometimes 
siliceous spiculse. They are found 
adhering to rocks, chiefly in the 
Mediterranean, where they are col- 
lected by divers, and treated with 
hydrochloric acid to remove the lime. 
Two or three species are found in 
fresh water. Sponge has, by some 
naturalists, been referred to the 
vegetable, by others to the animal, 
kingdom ; of late years, however, the 
evidence has appeared to be conclu- 
sive as to its animal nature. 

Spoons. In eating, spoons seem to 
have been almost the only aid to the 
fingers at a very early period of our 
history. Knives were first made in 
England in 15G3, by Thomas Ma- 
thews, on Fleet Bridge, London, 
and were therefore only obtainable, 
in any considerable number, by 
the upper classes of society. Horn 
and wood were the materials of 
which spoons were made down 
to Elizabeth’s reign, when pewter 
became common, and was much im- 
proved. 

Spray, in navigation , the sprinkling of 
the sea driven from the top of a high 
wave in stormy weather. 

Spring, in mechanics, an elastic body, 
which, when distorted or compressed, 
has the power of restoring itself; any 
active power by which motion is pro- 
duced or propagated. In naviga- 

tion , a rope passed out at one extre- 
mity of a ship, and attached to a 
cable from the other, to bring her 
broadside to bear upon an object. 

Springs, in locomotive engines , the 
elastic steel supporters of the boiler 
and frame upon the axles, named 
after the particular parts to which 
they apply ; as leading springs for 
the leading-axle, driving-springs for 
the driving-axle, trading-springs for 
the trailing-axle, tender-springs, 
drag-springs, buffer- springs, piston- 
springs, valve-springs, etc., all pro- 
portioned to the particular duty they 
have to perform. 

Springs of Water. In contem- 
plating the origin and utility of 
water-springs, as dispersed upon the 
face of the Earth, for the use of man 
and beast, and as far deep in the 
Earth as the miner's art has led, — 


we find much both to inform and 
amuse those who have not made this 
subject their study. All water ou 
the Earth’s surface has its origin in 
the sea. By the heat from that great 
luminary of our earth, the sun, the 
■water is evaporated into the upper 
regions, and there rarefied, forming 
clouds, which by attraction and 
different causes is plentifully show- 
ered upon the earth as rain or dew 
to form brooks, rivers, and lakes, 
much of it sinking into the earth to 
form springs. It has been urged by 
some, that it is impossible for rain 
to supply the copious springs that 
arise in stony countries, where there 
is little appearance of a receiving 
soil, and that rocky ground is im- 
pervious to them. But it must be 
admitted, that if rocks make a dis- 
charge of water, they are also capable 
of receiving it ; and that rocky coun 
tries are generally as well supplied 
with springs as others, is well known 
to all travellers. One of the most 
stony countries in Europe is Nor- 
way, where there is an abundant 
supply of pure water. It has also 
been stated that those places where it 
never rains, both in Atrica and some 
parts of America, are yet well sup- 
plied with springs, and at times have 
flooded rivers. Whence come their 
springs ? The Nile, Niger, etc., are 
rivers of magnitude, and drain the 
greatest part of Africa. They are 
seldom replenished with rain; but 
they receive their immense floods 
from the extensive mountainous 
country lying above and behind 
them, where they have all kinds of 
weather ; and some of the hills are 
annually covered with snow, as well 
as those districts in America where 
it seldom rains : but the dews are 
very prolific, so much so that on 
walking out in the evening or early 
in the morning, amongst the herb- 
age, it is nearly the same as in this 
country after a shower of rain. 
Hence it may be fairly presumed, 
that the springs of those countries 
are fed by the excessive dews, similar 
to rain in other parts of the world, 
drawn from seas, lakes, and rivers, 
from the exhalations by the sun 
during the heat of the day. In those 
tropical climates, night and day are 
nearly equally divided. Nature ia 
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thus perfect in all her works, by 
allowing a sufficient period for the 
descent of dews to supply the place 
of rain. Salt-springs receive their 
saltness from passing through beds 
of salt, such as those at Nantwieh, 
in Cheshire, etc., which easily com- 
municate their salter particles to the 
water running through them. These 
beds of salt, which are found in the 
new red sandstone marl, are perhaps 
originally derived by evaporation 
from the waters of an ancient ocean. 
The water from the brine springs of 
Cheshire and Worcestershire is 
pumped up and evaporated. By this 
means nearly all our salt is obtained. 

Spring-balance, in locomotive engines , 
a spiral spring weighing- balance, 
with an index and pointer. This is 
attached to the end of the lever, by 
which the pressure upon the safety- 
valve is adjusted. 

Spring-hooks, in locomotive engines , 
the hooks fixing the driving-wheel 
spring to the frame. A screw on the 
end of the hook regulates the weight 
on the driving-wheels. 

Spring-pins, in locomotive engines , 
iron rods fitted between the springs 
and the axle-boxes, to sustain and 
regulate the pressure of the axles. 

Springing, the bottom stone of an 
arch which lies upon the impost. 

Sprit, in navigation , a small boom or 
pole which crosses the sail of a ves- 
sel diagonally from the mast to the 
hindermost corner of the sail, to ele- 
vate and extend it. 

Spritsail, in navigation , the sail 
extended by a sprit. 

Sprung, in navigation. When a top- 
mast is broken or cracked near the 
cap, it is said to be sprung. 

Spunk, another name for German 
tinder, which see, and Amadou. 

Spurs, pieces of timber fixed on the 
bulgeways, and the upper end bolted 
to the ship’s side above water, for 
security to the bulgeways. 

Square, in geometry, a quadrilateral 
figure with right angles and equal 
sides. In architecture , an area of 
four sides, with houses on each side. 

Square-rigged, in navigation , an epi- 
thet applied to a ship that lias long 
yards at right angles with the length 
of the deck, in contradistinction to 
sails extended obliquely by stays or 
lateen yards. 
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Square sails are such as are extended 
by a yard, distinguished from others 
extended by booms, stays, lateens, 
and gaffs. 

Square tuck, when the planks of the 
bottom are not worked round to the 
wing-transom, but end at the fashion- 
piece. 

Squaring the circle, a useless exer- 
cise, in mathematics , is attempting 
to make a square that shall be equal 
to a given circle. 

Squat, in mining, aflat deposit of ore, 
usually in bunches. 

Squinch, Sconce, Sconcheon, an 
arch across the angle of a square 
room to support a superposed mass. 
It is applied to small arches or pro- 
jecting courses of stone formed across 
the angles of towers. 

Squint, or Hagioscope, an opening 
through the wall of a Roman Catholic 
church, in an oblique direction, for 
the purpose of enabling persons in the 
transept or aisle to sec the elevation 
of the Host at the high altar. 

Stadium, a Roman measure of length, 
nearly equivalent to our furlong. The 
term was also applied to a building, 
or an enclosed area, in which gym- 
nastic and athletic exercises, chariot- 
racing, and foot-racing, wrestling, 
and other public games, were ex- 
hibit' d. The stadium was divided 
into distances for the racers. Also a 
Greek structure, of an oblong area, 
terminated at one end by a straight 
line, at the other by a semicircle, 
having the breadth of the stadium 
for it> law?. Around this area were 
ranges of seats rising one above 
another, erected for the purpose of 
witnessing the public sports at 
Olympia and other places 

Staff, m metallurgy , a bar of iron 
about 4 feet long, welded at one end 
to a flat piece or blade of iron, re- 
sembling in shape a baker’s peel. On 
this the ‘stamps’ are placed for re- 
heating. ‘ A wrought-iron bar 

about 1^ inch square welded to 
the ball (of iron produced in the 
puddling-furnace), and used for ma- 
nipulating it under the hammer/ etc. 
— Percy. 

Staff -hole, in metallurgy , a small hole 
in the puddling-furnace through 
which the puddler heats his staff. 

Staircases. It was in the reign of 
Elizabeth that staircases first be- 
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cahie features in English houses. 
Hand-rails and balustrades, unlike 
the rickety contrivances of modem 
days, ■were of gigantic proportions, 
and presented at once a bold, pic- 
turesque, and secure appearance ; 
yet so variously and fancifully de- 
corated, that their effect was always 
pleasing and free from clumrincs*. 
In the middle of Verulaiu IIou*c 
was a delicate staircase of wood, 
which was curiously carved ; and 
on the posts of every inteistice was 
fixed some figure, as a grave divine 
with his book and spectacle*, a 
mendicant friar, etc. In two of the 
principal chambers of Wressil Castle 
are small beautiful stain ases, ■with 
octagon screens, embattled at the 
top, and covered with very bold 
sculpture, containing double flights 
of stairs, winding round each other, 
after the design of Palladio. 'I lie 
east stairs at Wimbledon House lead 
from the marble parlour to the great 
gallery and the dining-room, and 
are richly adorned with wainscot of 
oak round the outsides thereof, all 
well gilt with fillets and stais of 
gold. The steps of these stairs were 
in number 33, and 0 feet G inches 
long, adorned with 5-foot paces all 
varnished black and white, and che- 
quer-work ; the highest ot which 
foot-pace is a very large one, and 
benched with a wainscot bench, all 
garnished with gold. 

Staircases, in ordinary modem 
practice, should be light, spacious 
and easy, seeming to invite people to 
ascend. Principal staircases should 
not be narrower than 4 feet, so that 
if two persons meet thereon, they 
may pass each other with conveni- 
ence : but they may be extended in 
breadth to 10 or i2 feet, according 
to the importance of the building. 
The steps should never exceed G 
inches in height, nor be less than 4 
inches ; but this latter height is only 
allowable in very wide stain a^es. 
The breadth, or the fiat horizontal 
part, which is called the tread of the 
step, should not be less than a foot, 
nor exceed 15 inches. 

Slaithes, in engineering, erections 
placed on the sides of rivers and 
harbours, from which coals are 
shipped. 

Stakes, in ship-building , are the regu- 


lar ranges of planks on the bottom 
and the sides of the ship, reaching 
from the stem to the stern. 

Stalactite (that which drops), calcare- 
ous spar deposited in pendent masses 
from the roofs of caverns. 

Stalagmite, calcareous spar deposited 
on the floors of caverns. The stalac- 
tite increases from the roof down- 
ward*, the stalagmite from the floor 
upwards. 

Stall, a place occupied by a monk, 
canon, dean, or prebendary, in the 
choir of a church ; sometimes applied 
al'i* to the acdilia or presbyteries for 
the officiating ministers in the wall 
of a chancel. 

Stall and Room-work, in coal-min - 
Dig, w'orking the coal in compart- 
ments, or in i&olatcd chambers and 
pillar^. 

Stamps, machinery for crushing ores. 

In mttnlhugy , a slab of malleable 

iron is nicked under the hammer in 
seven or eight places, and then the 
m a** being placed on a peculiar 
anvil, it is broken into separate 
piece* — ■* ."tamp*.’ ‘ A stamp w eighs 
about 2G lb"., and the fractured 
cdues are bright and crystalline/ — 
Pi raj. 

St amp -hammer, ‘ a direct-acting 
hammer wlieie the hammer-block is 
lifted vertically, either by cams or 
friction-roller", or, as is more com- 
monly the ca*e, by steam or water- 
pi entire acting on a piston in a 
cl. »s>ed cylinder.’ — Percy. 

Stanchion, in ship-building , a small 
pillar of w ood or iron, used to prop 
and support the deck*, awning, etc. 

Tin* upright iron bar between 

the mullion* of a window’, screen, 
etc. 

Standage, in mining, a space for re- 
taining water in shafts. 

Standards, timbers in the form of 
knee.", with one arm on the deck, 
and the other fayed to a ship’s 
side. 

Stanniferous, veins or rocks con- 
taining tin. 

S t ant lent s, the upright pieces in a 
bulk-head, breast-work, etc., of a 
ship. 

Starboard, in navigation, the right- 
hand bide of a ship, looking forward, 
as larboard is the left-hand. 

Starch, torrifled, artificial gum, 
prepared bv roasting starch. All the 
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postage-stamps are rendered adhesive 
■with this. 

Starlings, in architecture , are large 
piles placed on the out-ide of the 
foundation of the piers of bridges, to 
break the force of t he water anil pro- 
tect the stone-work. 

Statics, the science which considers 
. the weight of bodies-?, or the motion 
of bodies arising from gravity. 
Statistics. Of late years the "collect- 
ing of returns of population, trades, 
commerce, and other matters relating 
to society in geneial has been culti- 


vated. In connection with mining, 
the accompanying tables alone con- 
cern us : — 

‘ The Mineral Statistics of the 
United Kingdom' have been collected 
for twenty-eight years by the editor 
of this volume. The returns, which 
have been quite voluntary, are very 
rogulailv made to the Mining Record 
Office. From 1878 these returns were, 
by acts of Parliament, rendered com- 
pulsory for both coal and metal 
mines, but the wording of the act 
renders those returns nearly useless. 


GENERAL SUMMARY 

Of the Returns of the Mineral Produce of the United Kingdom for 1874. 


Minerals 

Quantities 

Values 

Coal 

Tons cuts. 
125,018.257 0 

& 

45,849,194 

Iron Ore 

14,844.930 10 

7,318,100 

Copper Ore 

78,521 0 

330,414 

Tin Ore 

14,03!) 7 

788,810 

Lead Ore 

70.201 32 

1,024,107 

Zinc Ore 

10.829 10 

48,105 

Iron Pyrites ...... 

OO.'-’OS 3 

88,220 

Arsenic 

0,208 9 

27.438 

Manganese 

5,77S 1 

29,201 

Ochre and Umber 

7,122 1 

9,478 

Wolfram 

32 15 

515 

Bismuth 


38 

Silver Ore 

2 10 

20 

Fluor Spar 

084 10 

317 

Clays (Porcelain and Fire Clav') 

2,180,912 ft 

780,159 

Salt ........ 

2,800,507 O 

1,153,233 

Barvtos . 

14,07! 0 

12,301 

Coprolitos, &c., and Pho>phoiitc 

1 19.051 0 

388,290 

Gvp-siun . ..... 

00,124 0 

33,002 

Other Earthy Minerals (estimated; . 


3,000 

Total Value of the Minerals produced in 1874 . 

£57,839,097 


A 
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Metals obtained from the Ores produced in the United Kingdom in 1874. 


Minerals 

Quantities 

Values 

Gold 

Pig Iron 

Copper 

Tin 

Lead 

Zinc ... 

Silver 

Other Metals (estimated) .... 

S85 oz3. 
5,991,408 tons 
4,981 „ 
9,912 „ 

58,7/7 ., 
4,470 „ 
509,277 ozs. 

£ 

1,540 

16,476,372 

447,891 

1,077,712 

1,298,463 

106,773 

127,319 

3,000 

Total Value of Metals produced from the Ores of United) 
Kingdom j 

£19,539,070 


Total Value of Minerals and Metals , Coal, §*<:., obtained in the United Kingdom 

in 1874. 


Metals, value of, as above 19,589,070 

Coal 45,849,194 

Minerals, Earthy, Ac., as above 2,440,049 


Total value . . . £07.831,313 


In this gross sum of 67 millions sterling, neither building stones, lime, slates, 
nor common clay, and brick earths are included. 


Stations, a generic term applied to 
fixed points or places, of which a 
series is included in any extended 
works or arrangements. Thus we 
have Post-office Stations, Telegraph 
Stations, Police Stations Fire-engine 
Stations, and Railway Stations. 

As applied to railways, the term 
station is a very comprehensive one, 
comprising a multitude of buildings 
and apparatus of an extended and 
costly character. Terminal stations 
of long lines of railway usually 
cover several acres of ground, and 
include buildings for the assembling 
of the passengers, and for classifying 
them in separate compartments, ac- 
cording to the cla.ss of carriage they 
intend to occupy ; extended plat- 
forms, conveniently arranged for the 
arrival and departure of the trains, 
and well protected from the weather 
and lighted by night. The level of 
these platforms is arranged so that 
persons walk directly into the car- 
riages, without ascent or descent, 
aud their length is sufficient to 


serve many carriages, or two or 
more entire trains at one and the 
same tune. A separate department 
of the station is usually allotted to 
the receipt, arrangement, and distri- 
bution of parcel and goods of all 
kinds, from bulky bales and ponderous 
hogsheads down to a packet of such 
insignificant dimensions that it may 
hold no more than a half-ounce 
letter. The goods warehouses be- 
longing to this department are of 
great size, and fully furnished with 
cranes and moving and weighing 
goat of all requiMte powers and di- 
mensions, fitted to load and unload 
the goods- waggons belonging to the 
line, and all ordinary road vehicles. 

Statuary, a carver of images or re- 
presentations of life; one who 
practises or professes the art of sculp- 
ture. 

Stauroscope, an optical instrument 
used for examining the polarising 
structure of crystalline bodies. It 
was invented by F. Kobell. 

Staves, in joinery, the boards that, are 
423 






STA 


STEAM-CHEST COCKS. 


STB 


joined together laterally, in order to 
form a hollow cylinder, cylindroid, 
cone, or conoid, or any frustum of 
these bodies. The shafts of columns, 
in joinery, are frequently glued up 
in staves. 

Stay, in navigation , a strong rope em- 
ployed to support the mast in the 
fore-part : to stag a ship, to manage 
the sails so that she shall not make 
any way forward, preparatory to her 
tacking about. 

Stays, in mining, pieces of wood to 
secure the pumps in the engine- 
shaft. 

Stays, outside, in locomotive engines , 
sling-stays binding the boiler and 
frame together. 

Stays, inside boiler, in locomotive 
steam-engines , rods of iron binding 
together the flat ends of the boilers. 
The flat side of the dome is likewise 
strongly bound together by iron rods. 
Without these stays, they could not 
resist the pressure of the steam against 
so large a surface. 

Stays, inside frame, in locomotive [ 
engines , strong stays placed below 
the boiler, firmly fixed at one end 
to the fire-box, and at the other 
end to the smoke-box: they sup- 
port the inside bearings of the driv- 
ing axle and other parts of the ma- 
chinery. 

Staysail, in navigation , a sort of tri- 
angular sail extended on a stay. 

Stay -wedges, in locomotive engines , 
wedges fitted to the inside bearings 
of the driving axles, to keep them in 
their proper position in the stays. 

Steam, the vapour of hot water "at the 
boiling point of 212 degrees. Specific 
gravity at 212° is to that of air at 
the mean temperature as 0*472 is to 
1 (Thomson) ; weight of a cubic 
foot, 249 grains ; modulus of elas- 
ticity for a base of an inch square, 
14^ lbs. ; when not in contact with 
water, expands of its bulk by 
1° of heat (Gay-Lus^ae). 

Steam-chest, in locomotive engines , a 
box attached to the cylinders, into 
which the steam is admitted by the 
regulator: the slide-valve works in 
tbis box over the steam-ports, which 
open into it from the cylinder. 

Steam-chest cocks, in locomotive 
engines, oil-cups, placed conveniently 
for lubricating the faces of the steam- 
ports and slide-valve. 
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Steam compression. The steam 
which has performed dts duty in the 
cylinder, but which has not escaped 
before the slide-valve closes the ex- 
haust-port, is compressed by the ad- 
vancing piston. This compression 
begins, according to the lar and 
travel of the slide, from 2 to 3 inches 
from the end of the stroke, and is oi 
considerable amount. It is, however, 
of advantage in checking the mo- 
mentum of the piston, and relieving 
the strain on the connecting and 
piston rods at the end of each 
stroke, and is not therefore all lost 
power. 

Steam-Engine. A machine moved 
by the power of steam. It should be 
understood that the motion produced 
in a steam-engine is measured by the 
quantity of heat employed to convert 
water into steam. Heat and motion 
are convertible terms. A certain 
quantity of coal is consumed to 
evaporate a given quantity of water 
in the boiler, under which the fire is 
placed. In a theoretically perfect 
engine, an equivalent of carbon in 
the coal would, by complete combus- 
tion, convert into vapour an exact 
definite equivalent of water, and this 
vapour would produce a definite 
amount of motion ; but this is never 
realised. 

One pound of pure coal yields in 
combining with oxygen in combus- 
tion theoretically an energy equal 
to the power of lifting 10,800,000 
pounds one foot high ; the theoretical 
equivalent for a unit of heat, or the 
heat necessary to heat one pound of 
water through one degree of Fahren- 
heit, is 772 foot pounds. A pound of 
coal in burning should yield 14,000 
units of heat, or 772 x 14,000 = 
10,808,000 foot pounds. The highest 
practical value that has been obtain- 
ed i3 1,200,000 pounds, or less than 
£ of the theoretical value. Theoreti- 
cally 1 lb. of pure coal should evapo- 
rate about 13 pounds of water, practi- 
cally a pound of ordinary coal does 
not evaporate 4 pounds. (See Duty.') 

There are two ways of working the 
steam-engine, expansively and non- 
expansively ; and the engines are 
divided into two classes, condensing 
and non-condensing. In the former 
a vacuum is made on that side of 
the piston opposite to the steam side. 
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by condensing the steam which pre- 
viously occupied that space ; whereas 
in the non-condensing engines the 
steam acts on one side of the piston, 
and the atmosphere on the other. 
We will now speak of the two ways 
of working engines. By the first 
method, the non-expansive steam of 
the full pressure is admitted during j 
the whole of the stroke of the pi<ton, 
that is to say, during the time of its 
passage from one end of the cylinder 
to the other. Whereas by the se- 
cond method the steam i3* shut off 
when a part only of the stroke is per- | 
formed, the remainder being executed 
by the expansion of the steam all eady j 
admitted to the cylinder. 

A third variety of steam-engine is 
woiked by shutting off the steam 
before it has driven the piston the 
whole length of the cylinder, or 
completed the stroke, as it is termed, 
and the subsequent expansion of the 
steam completes the impulse upon 
the piston. Engines thus worked 
are distinguished as expansive en- 
gines. The principal difference in 
the mechanism of condensing and 
expansive steam-cncines is in the 
movement of the apparatus which 
admits and shuts off the steam, or 
the valves, which act as doors within 
pipes. The several parts of a con- 
densing engine and its appliances arc 
as follows : 1st, the boiler , in which 
the steam is produced from water by 
the action of tire in the furnace be- 
neath ; 2ndly, the steam-pipe , in 
which the steam is conveyed to the 
engine ; Srdly, the stcam-chests , in 
which the steam is received, and 
which communicates with the two 
induction pipes that lead into the 
upper and lower part of the cylinder ; 
4thlv, the cylinder fitted with the 
piston, and having japes called the 
eduction-pipes, through which the 
steam passes away when its work in 
the cylinder is completed, into the 
condenser: 5thly, the air-pump, 
which abstracts the water formed by 
the condensed steam, sending it into 
the boiler, producing a partial va- 
cuum within the condenser, and thus 
assisting the escape of the steam from 
the cylinder ; Gthly, the condenser 
itself, which is kept cool with water 
pumped up by the cold-water pump. 
The nUton has a rod fixed to it, 


which works through a steam-tight 
opening or stuffing-box in the lid of 
the cylinder, and this piston-rod is 
attached to one end of a beam, which 
turns upon a centre, and the other 
end of which works a connccting-rod 
attached to a crank, to the side of 
which a rotatory motion is thus im- 
paited. In some engines the piston- 
rod is connected by links directly 
with the crank, and these are hence 
termed direct-action steam engines, 
while the former are distinguished 
as beam-engines. In others, again, 
the pi. -.ton-rod is attached to the 
crank without links, and thecylinder, 
in-tead of being lixed, is made to 
vibrate or o-cillate: these are there- 
fore termed vibrating or oscillating 
engines. Marine engines for propel- 
ling vessels on the water, and loco- 
motive engines for propelling trains 
of carriages upon railways, are each 
distinguished bv peculiarities of con- 
struction and arrangements, fitting 
them for their especial duties. 

Steam exhaust-port, in the locomo- 
tive engine , the passage opened be- 
low the slide-valve from the cylin- 
der to the atmosphere. It is 
placed between the two steam- 
ports, and is nearly twice their 
area, the more freely to permit the 
escape of the steam. It is open 
to the blast-pipe, and is cut off 
from any communication with the 
steam in the steam-chest by the 
slide-valve*. The arch part of the 
slide-valve opens the passage from 
the cylinder into the central ex- 
haust-port, where, through the 
blast-pipe and chimney, it escapes 
to the atmosphere, and by this 
means produces the draught on the 
fire. 

Steam-gauge, a contrivance to show 
the exact amount of pressure of 
the steam ; it consists of a siphon- 
tube with equal legs, half filled 
with mercury : one end is cement- 
ed into a pipe which enters that 
part of the boiler which contains 
the steam ; the other end is open 
to the atmosphere. A stop-cock 
is usually provided between this 
gauge and the boiler, so that it 
may be put in communication with 
the boiler at pleasure. When the 
stop-cock is open, the steam acting 
on the mercury in one leg of the 
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gauge presses it down, and the 
mercury in the other leg rises. The 
difference between the two columns 
is the height of mercury which cor- 
responds to the excess of the pres- 
sure of the steam in the boiler 
above the pressure of the atmo- 
sphere ; or, in other words, to 
the effective pressure on the safety- 
valve. If half a pound per inch 
be allowed for the length of this 
column, the effective prepare of 
the steam, in pounds per square 
inch, is obtained. 

Steam jacket, a space left around 
a cylinder to be filled with steam, 
to prevent the loss of heat. 

Steam Navigation. This is accom- 
plished by the application of steam 
power to the marine engine ,' by 
which vessels of all dimensions are 
propelled on the water’s of the 
ocean or on the principal rivers. 
Whether by means of the paddle- 
wheel, or by the spiral or helix 
screw, the ‘fluid is displaced and 
the vessel sent forward at the vari- 
ous speeds consequent upon the 
skill employed in the making of 
vessel and engine. Much compe- 
tition and many controversies have 
existed upon the be«t methods to 
be adopted. Many instances of 
failure have occurred from the 
simple circumstance of the builder 
of the ship and the constructor of 
the engine not acting in concert. 
Steam vessels for river passenger- 
traffic, when in trim and all their 
parts well constructed, average a 
speed of 15 miles an hour ; in Ame- 
rica 18 miles ; and sea-going ves- 
sels average on their way 1*2 miles. 
Cunard’s packets from Liverpool to 
Halifax and Loston have done more. 
The West India and the Peninsular 
and Oriental Companies have splen- 
did vessels which do credit to the 
companies for their enterprise, to 
the builders for the construction of 
the craft, and to the engineers for 
the construction of the engines. 
Other companies exist who deserve 
their proportion of praise. It is to 
England and Scotland that the 
■world is indebted for this new ele- 
ment of civilisation. 

8 team -pipes, in locomotive engines, 
the pipes which collect and con- 
vey the steam to the steam-chest: 
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they commence inside the boiler. 
In boilers with domes, the receiv- 
ing pipe is raised as high as possi- 
ble, and turned back round the 
edges of the open end, to prevent 
any water which might rise so high 
from overlying the pipe. In boilers 
having no domes, the steam is col- 
lected in a horizontal pipe pierced 
with numerous small holes. After 
being collected, the steam-pipes are 
continued outside the boiler to the 
steam-che»t. The internal dia- 
meter of the steam-pipe is usually 
rather more than one-fifth of the 
diameter of the steam cylinders: 
the area of the passages through 
valves, in some of Watt’s beam-en- 
gines, is nearly one square inch per 
horbc-power. This is in some cases 
too large for steam-passages, but 
rather too small for the exhausting 
valve-passages. 

St earn -pipe for tender, in locomo- 
tives, a small pipe attached to the 
boiler by a cock, for admitting the 
spare steam to heat the water in the 
tender. 

Steam-ports, in locomotive engines , 
two parages from the steam-chest 
to the cylinder. The steam is ad- 
mitted to and from these passages 
by the slide-valve opening the port 
for the admission of steam to the 
cylinder, and then by shutting off 
this port from the steam in the 
steam-chest, and opening the same 
passage by which it entered, it is 
conveyed to the atmosphere. 
Steam-whistle,an apparatus attached 
to the boiler of a locomotive engine 
for the purpose of giving warning 
of its approach when running. The 
construction of the whistle is shown 
to one-quarter size in the annexed 
engi livings. It is made of brass, 
and the foot, a, is cast hollow with 
a flange, b, at the bottom to bolt 
it on the fire-box : it has a cock, c, 
placed in it, with the handle d, and 
n rew i:, to keep it tight ; the han- 
dle projects out, to allow firm hold 
to be taken of it. The cup v is 
fixed upon the foot A, by screwing 
the piece g upon it, and both are 
turned truly at their outer edges, 
leaving a very narrow passage, i I, 
four inches diameter, between them 
all round. The piece g is hollow, 
having holes, n, in its sides ; and a 
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pillar, k, stands upon its centre, on 
which is screwed the bell, l l, the 
thin edge of which is brought just 
over the opening i, and half an 
inch above it. 




When the cock is opened, the 
eteara enters the cup f through the 
holes H, and rushes out at the nar- 


row slit i, striking the thin edge of 
the bell, l, in a manner similar to 
the action in organ-pipes, and pro- 
ducing an exceedingly shrill and 
piercing sound. Some holes, ai, are 
made in the top of the bell, to allow 
the steam to pass through, which 
improves the sound considerably. 
The size of the concentric part where 
the steam escapes, and the depth of 
the bell pait, and their distance 
asunder, regulate the tones of the 
whistle, from a shrill treble to a 
deep bass. The cock should be 
steadily opened, to adjust the quan- 
tity of steam, so as to produce the 
clearest sound. The steam whistle 
is very effective, and its sound can 
be heard at a great distance. 

Steatite, a variety of talc of a very 
soft greasy texture when first raised ; 
hence its name of soapstone. It is 
a hydrated silicate of magnesia. It 
occurs at tlic Lizard Point, Corn- 
wall, and in Carnarvonshire, in 
China it is largely used for making 
grotesque figures.' 

Steel is composed of iron and carbon. 

Steel is divided into four distinct 
classes, — Damascus steel ; German 
steel ; DlLtered, or blister steel, to 
which class shear steel belongs ; and 
Cast steel. The first is made directly 
from the ore, or by welding steel rods 
and iron rods together ; the second 
from pig metal, by depriving the 
latter of a portion of its carbon and 
impurities ; the third from bar iron, 
by impregnating it with carbon ; and 
the fourth class, or cast steel, may be 
made from either of the others, by 
melting it in a crucible. Still, blis- 
tered steel appears to be the most ad- 
vantageous, so far as quality is con- 
cerned. 

Damascus Steel. 

This steel derives its name from 
Damascus, a city in Asia. The 
swords or scimitars of Damascus 
present upon their surface a watery 
appearance, and variegation of 
streaks of a silvery white, black, 
and gray colour, and fine and coarse 
lines, exhibiting regular and irre- 
gular figures. The excellent quality 
of these blades is proverbial: they 
unite hardness to great elasticity. 
Genuine Damascus steel is made 
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directly from iron ore ; and meagre 
as our knowledge is concerning the 
subsequent manipulations, such as 
forging and hardening, it is known 
that the steel is smelted in a kind 
of Catalan forge, from red oxide of 
iron, a red clay ore found in transi- 
tion slate. It is generally believed 
that the great strength of this steel 
is to be attributed to a small quan- 
tity of aluminum which enters into 
its composition, and which is derived 
from the clay of the ore, — an opinion 
which has this fact in its favour, that 
no material imparts a greater degree 
of tenacity to iron than alumina. 
Great exertions have been made to 
imitate this steel, in which, of all 
nations, the French have been the 
most successful. They have suc- 
ceeded in imitating not only irre- 
gular figures, but arabesques and 
initials, in the most beautiful manner. 
Still, the French is far less tenacious 
and hard than the genuine Damascus 
steel. The virtue of the latter, there- 
fore, must be sought for in the ore 
from which it is made. 

German Steel. 

This steel is made in two different 
ways, either directly from the ore 
or by converting the ore into pig- 
metal, and then into steel. The 
steel manufactured by the first me- 
thod is generally crude and irregu- 
lar, and therefore this method is 
seldom practised. 

The Stuck oven, or Wulfs oven, 
as well as the Catalan forge, is one 
of the furnaces employed in the 
manufacture of steel from ore. In 
making steel, the blast is directed 
more upon the fuel than upon the 
iron ; the tuyere is level : the iron 
is impregnated with ' carbon. The 
reverse is the case in the manufac- 
ture of iron. In the blue-oven, a 
kind of pig-metal is frequently made, 
which is almost pure steel ; but it is 
coarse, and never, even after the best 
refining, makes a good article. All 
manipulations, the object of which is 
to make steel directly from the ore, 
are unprofitable. 

To this class belongs the manufac- 
ture of wootz, or East Indian steel. 
This is certainly a good steel, and is 
partially imitated in America. Wootz 
is smelted directly from the ore, 
428 


which is the black magnetic oxide of 
iron, in furnaces five or six feet in 
height, of the form of some foundry 
cupolas. Previously to smelting, the 
ore is finely pounded and washed, to- 
remove impurities. 

The manufacture of steel f rom pig- 
metal . — The ores generally employed 
are the crystallised carbonate, spathic 
ore, often mixed in a slight degree 
with hematite, and the rich red per- 
oxides. Magnetic ores do not answer 
for such work, and are therefore but 
seldom used. The same may be said 
in relation to the hydrated oxides. 
Pig-metal for steel manufacture is 
smelted with as little lime or other 
flux as possible. The principal flux 
to be relied on is manganese ; but 
this always exists in the ore, and is 
never used as an artificial admixture, 
though it is possible that an artificial 
flux might be made of it. Steel metal 
is in most cases white. It is smelted 
by rather more ore than that which 
will make gray iron ; but not with 
so heavy a burden as that which will 
make white iron containing carbon 
in small amount. Any ore which 
contains foreign matter in such large 
amount as to make the addition of 
lime as a flux necessary, does not 
make good steel metal. 

The crude steel, the result of the 
first operation, is generally thrown 
when red-hot into cold water, then 
broken and sorted. The most silvery 
part, of the finest grain, is the best. 
Fibrous or partially fibrous bars are 
reserved for iron : they make a su- 
perior quality of bar iron. Bluish- 
looking steel is also thrown aside, for 
it will become fibrous iron before its 
impurities can be removed. The 
crude steel, drawn out into bars an 
inch or an inch and a quarter square, 
is placed in piles composed of six or 
eight pieces, then welded, and drawn 
out into smaller bars. This process, 
called refining, is repeated three or 
four times and each time the number 
of bars in the pile is increased. The 
smaller the bars of steel, and the 
greater the number of them placed 
together, the more perfect will be the 
refined steel. The piles are heated 
in a large blacksmith's fire, by stone 
coal, which must be sufficiently bitu- 
minous to form an arch over the fire. 
Coal-slack, mixed with loam, is fre- 
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quently used for this purpose ; but 
it increases the waste of steel. The 
hammer used for drawing steel 
should be light, weighing no more 
than 150 pounds, and ought to make 
from 300 to 400 strokes per minute. 
Great skill and dexterity are required 
to draw steel bars. It is highly im- 
portant to perform this operation 
well, as the quality of the steel is, 
in some measure, dependent upon 
the manner in which it has been 
hammered. 

In those countries where German 
steel is made, a remarkable article is 
manufactured, which deserves notice. 
It is harder than the best cast iron, I 
but so brittle that it cannot bear any ! 
bending when cold. This article is 
cast steel: it is derived from the 
remelted steel metal. From 200 to 
250 lbs. of this metal are generally 
melted. When that quantity is 
melted down in the bottom of the 
forge-hearth, a small portion of it is 
let off : it should be tapped as low 
at the bottom as possible. This mass, 
which flows like cast iron or cast 
steel, is broken into small pieces, 
and pounded into a flat piece of 
wrought iron, which has a brim 
drawn up around it : this piece 
serves as a crucible. It is covered 
with loam, and exposed to a heat 
which will melt the cast iron, and 
unite it firmly with the wrought 
iron. The former then forms a thin 
coating of steel over the one side 
of the iron, of immense hardness. 
This does not become soft, even 
though long time is consumed in 
tempering it. Wrought-iron plates 
furnished with such a coating of 
steel, are used as draw-plates for 
wire. The holes for the wire are 
punched when it is warm ; for, when 
cold, its hardness is so extreme, that 
no drill-bit can make any impression. 

Bessemer Steel. 

Bessemer steel, so called from the 
inventor of the process by which it is 
made, is prepared from the pig-iron 
obtained by smelting red hematite. 
One essential is an almost entire 
absence of phosphorus, as in the 
subsequent process of conversion into 
steel, the phosphorus is accumu- 
lated. 

Pig-metal is poured into a large 


pear-shaped vessel called the Bes- 
semer converter, and a strong cur- 
rent of air is forced through holes 
in the bottom and up through the 
melted mass, which becomes in- 
tensely heated, glowing -with an in- 
tense white heat and throwing off 
very brilliant showers of sparks ; all 
the carbon is thus burnt off ; then a 
certain quantity of Spiegeleisen is 
added ; it is again subjected to the 
action of the streams of air, and then 
poured into mould* fur use. 

The rationale of the process is, 
that all the carbon is burnt out of 
the pig-iron, and then a definite 
quantity of the Spiegeleisen and a 
portion of manganese is added upon 
this the high character of this steel 
appears to depend. 

Iron for Blistered Steel. 

England is not so celebrated for 
the production of iron suitable for 
the manufacture of steel as Sweden 
and Bussia, upon which countries we 
must depend mostly for our know- 
ledge of the mode of working it, and 
the kind of materials from which 
iron for the steel factories is made. 

The peculiarities of such iron are 
so remnikable, that, by means of the 
most accurate chemical analysis, we 
cannot detect any difference between 
a given kind which produces a 
superior, and another kind which 
produces an inferior steel. Were it 
possible to detect this difference, it 
would prove to exist in the cinders. 
The iron from which blistered steel 
is made is a soft, fibrous, often 
grained, wrought iron, of a peculiar 
silvery whiteness. It is made from 
mottled pig-iron, smelted from mag- 
netic ore by charcoal and cold blast. 

In making pig-iron for the ma- 
nufacture of steel, the ore should be 
carefully roasted by wood, charcoal, 
or braise. The height of the blast- 
furnace must not exceed 35 feet, and 
the result is still more favourable 
when it dues not exceed 30 feet. The 
boshes should measure about 9 or 
9g feet. There ought to be either 
no hearth at all, as in the Swedish 
or Styrian furnaces, or one that is 
very low. Blast of medium strength, 
and tuyeres somewhat inclined into 
the hearth, are requisite. Hot blast 
must be rejected altogether. In fact, 
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the operation should be conducted 
in such a manner as to produce 
mottled iron of great purity. In 
fluxing the ore, lime can be em- 
ployed, but only in such limited 
quantity as not to cause the furnace 
to smeit gray or white iron; for 
neither will be serviceable in the 
manufacture of good steel. 

In converting pig into bar iron, 
the German forge is generally em- 
ployed in Sweden, and for this pur- 
pose may be considered the most 
perfect. The refining process re- 
sembles the boiling of iron : this is 
required to make the texture of the 
iron as uniform as possible. White 
pig-metal will not boil, and it works 
too fast. Gray pig-metal contains 
a large amount of impurities, and 
the greatest attention at the forge 
will not remove them in sufficient 
amount to answer any practical 
purpose. 

In making blistered steel, it is 
essential to consider not only the 
quality, that is, the chemical com- 
position of the iron, but also its form. 
The bars are generally flat : good 
qualities are from an inch and a 
quarter to two inches in width, and 
half an inch thick. For ordinary 
steel and for cast steel, the thickne^ 
of the bars may be three quarters of 
an inch; but in the«e cases more 
time is not only required in blister- 
ing, but the heart of the bar is still 
imperfectly cui hummed. Thin bars 
work faster, and make a more uni- 
form steel, than thick and heavy 
bars : the latter are always more or 
less raw inside, and contain too much 
carbon out -side. If the iron i^> very 
•pure, it may be short, that is "with- 
out fibres: it may be hard, if it is at 
the same time strong. Impure iron 
will not make steel of good quality. 
As iron void of fibres is generally 
more impure than that containing 
fibres Gie safest plan is to convert 
all the iron into fibrous iron. Coarse 
fibrous iron, whatever may be its 
strength, does not make good steel ; 
that with black spots or streaks of 
cinder must be avoided by all means. 
The indications of a good iron are, a 
silvery-white colour, short fine 
fibres, a bright metallic lustre, and 
an aggregation so uniform that black 
spots cannot be detected with a lens. 
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The transformation of bar iron into 
steel requires no special skill or 
knowledge. The quality of the steel 
is determined by the quality of the 
iron from which it is manufactured. 

Blistered Steel . 

The furnace for the conversion of 
wrought iron into blistered steel is 
from 12 to 15 feet wide, and 20 or 
25 feet deep. A conical chimney, 
40 or 50 feet high, is designed to 
lead the smoke above the roof of 
the factory. The iron is placed in 
boxes composed of fire-brick or sand- 
stone tiles : these boxes are from 24 
to 30 inches square, and from 10 feet 
to 1C feet in length. Square holes 
at one end of the furnace serve for 
the admission of the iron, and the 
entrance and exit of the workmen. 
Holes are also made in the ends of 
the boxes, through which one or 
more of the bars may be passed, for 
the purpose of testing the degree of 
cementation, and the progress of the 
work. The boxes are enclosed in 
the furnace, which is provided with 
a grate and fire-brick arch. The 
iron, when placed in these boxes, is 
imbedded and carefully laid edge- 
wise in a cement composed of one 
pait hard charcoal, one-tenth part of 
wood ashes, and one-twentieth part 
of common salt. The mixture is 
ground into a coarse powder under 
edgc-wlieels. If the boxes are 10 feet 
in length, the iron bars may be 9 feet 
10 inches. The cement is laid about 
2 inches deep in the bottom of the 
box. The bars of iron are then put 
in edgewise, separated by ^ of an 
inch space, which is filled with 
cement, and the top of the bars 
covered to the depth of h an inch. 
Upon this another layer of bars is 
set, but in such a manner that the 
second layer overlies the space which 
separates the bars of the first layer. 
In this way the box is filled to 
within G inches of its top. The 
remaining space is filled with old 
cement powder, on the top of which, 
finally, damp sand or fire-tiles are 
placed. The fire ought to proceed 
slowly, so that three or four days 
shall elapse before the furnace and 
the cement-boxes assume a cherry- 
red heat. In fact, the fire should )>e 
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conducted in such a manner that the 
heat may be slightly increased every 
day during the whole course of the 
operation. A diminution of the heat, 
from thfrtime of starting, occasions 
a loss both of fuel and time, and is 
injurious to the chests. A well-con- 
ducted heat will finish a small box 
in four or five days, and a couple of 
boxes, 3 feet square, in ten or twelve ! 
days. The furnace and boxes should 
he cooled very slowly ; for a sudden : 
change of temperature is very apt to 
break the fire-tiles, or sandstone 
slabs, of which the boxes are con- 
structed. The trial-bar, which 
passes through the small hole in one 
of the ends of the box, and in a cor- 
responding hole in the furnace wall, 
is somewhat longer than the other 
bars, so as to be taken by a pair of 
tongs, and pulled out of the box. 
There are frequently several of such 
bars, for a bar that is once pulled 
cannot be returned ; and if, in a 
case in which there is but one trial- 
bar in the chest, the bar is pulled too 
soon, no further opportunity of 
testing the progress ot cementation 
is afforded. The trial-bars are not 
sufficiently long to project over the 
wall of the chest. The trial-hole is 
closed by a clay stopper. Six days 
may be considered a sufficient time 
for blistering bais of common steel, 
such as spring steel, saw blades, and 
common files ; eight days for shear 
steel and steel ft r common cutlery ; 
and ten or eleven days for the better 
qualities of steel, and common ca-st 
steel. Hods for the finer soits of 
blistered, and the finest kinds of cast 
steel, are returned to the boxes after 
the first heat, and leceive two or 
three blistering heats, according to 
the quality of steel wished to be 
obtained. From eight to twelve 
tons of iron may he charged in two 
chests, and from four to eight tons 
in ca^e the furnace contains but one 
chest. Two small clients are prefer- 
able to one large chest. The smaller 
the client, the more uniform will 
the steel become. The regulation of 
the fire in the furnace i> a somewhat 
delicate operation. Iron of different 
qualith s requires a different degree 
of heat ; but the heat can be easily 
managed by recollecting that it 
should be steadily increased every 


day. If it is not sufficiently strong, 
the iron will absorb but very little 
carbon, and the work will proceed 
slowly. If the heat is too great, the 
rod iron will be converted into cast 
iron, or, at least, into something 
similar to it ; for, after being over- 
heated, it will not, even with the 
greatest labour and attention, make 
good steel. If the heat is carried so 
far as to melt tlic blistered iron in 
the boxes, it is converted into white 
plate-metal, — the kind from which 
German steel is manufactured. But 
this melting cannot well take place, 
and if it should occur, the slow 
cooling of the chests, which i3 
equivalent to tempering, will trans- 
form the white metal into gray cast 
iron. The latter is converted into 
steel with greater difficulty than the 
white metal. 

Blistered steel, taken from the 
chest, is very brittle : the excellence 
of its quality is in proportion to its 
brittleness. The presence of fibres 
indicates that the cementation is 
unfinished. A fine-grained, white 
aggregation, like iron rendered cold- 
short by phosphorus, indicates that 
the cementation has not advanced 
beyond its first stages. A crystal- 
line form of the grains is an indica- 
tion either of imperfect cementation, 
or ot too low a heat, or bad iron ; 
still, the be-t kind of iron will ex- 
hibit these crystal-*, and they can be 
observed by the lens if the tempera- 
ture of the chests has not been kept 
sufficiently high. If a good article be 
desired, a repetition of the operation 
is, in sucl) ca^es, necessary. The 
grains of good steel appear like round 
globules, \\ hen taken from the chest 
and broken. After an imperfect ce- 
mentation, the colour of the steel is 
white. Good blistered steel should 
be of a grayish colour, and of a 
bright Im-tic; and it should exhibit 
a coarse grain, as though it were an 
aggregation of mi-a or leaves of 
plumbago. That vliieli exhibits a 
line grain, of crystalline form, and 
which is of a white colour, is always 
a poor article. But one degree of 
heat is favourable for each kind of 
iron : if that degree he hit upon, the 
operation goes on well ; if otherwise, 
a favourable result cannot be ex- 
pected. The composition of the 
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cement and the construction of the 
boxes and furnace have little influ- 
ence on the quality of the steeL 
Where the iron is of the best qua- 
lity, and where the degree of heat 
is most favourable, the fracture of 
a bar taken from the chest \\ ill ex- 
hibit the largest grains or leave*. 
An indication of good iron is its 
increase of weight in cementation ; 
while bad iron neither gams nor 
loses in weight, iron of good quality 
will gain at the late ot from 1.3 to 
20 per cent. This applies especially 
to strong and pure iron. The sur- 
face of the rods, whatever number of 
blisters they may have when taken 
from the chest, must be clean. Bad 
iron makes but few blisters, or none 
at all: the surface of the rods is 
rough. With the quality of the iron 
the number and size of the bli>ters 
increase. Danemora iron draws blis- 
ter close to blister, and almost all of 
equal size. Common iron, that is, 
charcoal iron, raises but few blisters, 
and these are of irregular size. The 
best qualities of puddled iron raise 
but few blisters. 

As might be expected, the texture 
and quality of one bar, as well as 
the average which a chest contains, 
cannot be uniform. The inteiioi of 
a bar, like the interior of the box, 
will be imperfect, while the external 
parts will be overdone. The steel 
should, therefore, be broken, sorted, 
and retined. Pieces of uniform grain, 
as well as those including the ex- 
tremes of quality, are piled, welded, 
and drawn out into bars. This pro- j 
cess must be repeated, if the giain is | 
not sufficiently uniform for the de- ’ 
sired purpose. Upon the skill of the i 
hammer-man the quality of the steel, | 
in a considerable degree, depends. I 
Slow and heavy strokes ami high ] 
heats depreciate its value, while its 
quality is improved by a low heat 
and fast work. Boiling steel in a 
rolling-mill, or welding it in a re- 
heating furnace, makes it brittle, 
and transforms it into a kind of cast 
iion. This result, however, can be 
partially remedied by again bringing 
the steel to the hammer. 

The influence of the tilt-hammer 
upon the iron is nowhere more ob- 
servable than in the manufacture 
of steel. It is impossible to make 
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good steel independently of proper 
hammer machinery. The tempera- 
ture at which the hammering should 
be performed is a matter of consi- 
derable importance : the steel will be 
spoiled equally by a too high as by a 
too low heat. The secret of success 
appears to be the prevention of crys- 
tallisation, which takes place at cer- 
tain temperatures of the metal. 
Under favourable conditions, definite 
compounds of carbon and iron are 
formed ; and these compounds crys- 
talline : this crystallisation causes 
brittleness. The greater the amount 
of foreign matter which is combined 
with the iron, the greater the brittle- 
ness. Blows of the hammer quickly 
repeated, and the exposure of the 
metal a short time to a low heat, 
appear to be the means of preventing 
crystallisation, — at least, of dimin- 
ishing its extent. A sudden change 
of temperature augments the power 
of crystallisation in the highest de- 
gree. This makes the iron hard, by 
giving rise to so strong an affinity 
betwe.n the iron and foreign matter, 
that the colour occasioned by the 
carbon disappears. The carbon is 
enclosed in the particles of iron, 
which is, in turn, crystallised by 
means of its strongly cohesive pro- 
perties. White plate-metal of great 
purity, containing carbon in large 
amount, is harder than the hardest 
cast steel, but the strength of its 
cohesive properties, and the larger 
size of its crystal*, are the causes of 
its biittleneVs. The best steel, if 
melted at a high heat, similar to that 
of the bla-jt-furnace, Mould appear in 
the same form as plate-metal, and 
would be quite as brittle. From 
the facts here stated, a conclusion 
may be drawn, that the impurities 
which increase the cohesive power 
of steel or iron may be retained, and 
the formation of crystals still be pre- 
vented. 

Cast Steel. 

The irrcgulaiity which is exhibit- 
ed in the texture of common steel 
gave rise to the invention of east 
steel. Common steel is broken into 
small pieces, and closely' packed 
into a crucible made of good fire- 
clay'. That which is in some degree 
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more highly carbonised than usual 
is best adapted for cast steel ; be- 
cause, in the melting operation, it 
loses a portion of its carbon. With 
the fire-clay, plumbago or coke-dust is 
mixed ; but neither of these increases 
its durability, though diminishing 
its liability to break on account of 
sudden changes of heat. This well- 
mixed mass is firmly pounded in an 
iron mould, with a movable cone for 
the interior. The crucible which is 
thus formed is air-dried and slightly 
burned before it is employed in the 
melting of cast steel. For this pur- 
pose a crucible 5 inches wide at the 
top, and 16 or 18 inches in height, 
is generally employed. Every pre- 
caution must be taken to prevent it 
from cracking ; for, in such a case, 
its contents are generally lost. 

The air-furnace for the fusion of 
the steel is similar in construction 
to those used by brass-founders : it 
is 2 feet deep and 1*2 inches square. 
The flue at the top is covered by a 
cast-iron trap-door. The top of the 
furnace coincides with the plane of 
the floor of the laboratory. Under 
the floor of the latter is an arch, into 
which the grates of the furnace may 
be emptied : this arch supplies the 
furnace with air, and in it the ashes 
accumulate. The crucible is placed 
on a support composed of two thick- 
nesses of fire-brick, and its top is 
covered with a lid. In many cases, 
pounded glass and blast-furnace cin- 
ders are laid on the top of the steel, 
as well to prevent the access of air as 
the oxidation of the carbon ; but, if 
the lid fits well, this precaution is 
unnecessary : besides, these materials 
generally tend to glaze, and, as a 
consequence to crack the crucible. 
In large factories, ten or twenty fur- 
naces may be put in one row, each 
furnace having its own chimney. In 
England, the fuel employed is coke. 
The more compact the fuel, the better 
will be the result. In Ceding the 
furnace with coal, great caution must 
be observed ; for a sudden charge of 
cold fuel is apt to crack the crucible. 
For this reason, square are prefer- 
able to round furnaces. The heat of 
the furnace nui't be conducted in 
such a manner that the melting shall 
commence from below, and not from 
the top. This is another reason why 
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the form just described is preferable 
to any other. All these advantages 
are increased by the employment of 
blast, which, of course, is essential 
where anthracite is used. 

The time required to melt steel 
depends partly upon the draught of 
the furnace, partly upon the quality 
of the crude steel, and partly on the 
quality of the article designed to be 
manufactured. From one to three 
hours is generally required for a 
crucible containing 50 lbs. of metal. 
The stronger the steel, the greater 
the length of time consumed. The 
mass must become perfectly liquid, 
no matter how long a time is re- 
quired to produce this result. The 
liquid steel is then poured into pre- 
viously heated cast-iron moulds, and 
cast in the shape of square or octago- 
nal bars, 2 inches thick. Before 
casting, the steel in the crucible is 
stirred with a hot iron rod, after 
which a strong heat is applied for a 
few minutes. After casting, the top 
of the steel in the mould is covered 
with clay, to prevent its blistering, 
and to prevent the access of air. 

The cast rods are exposed to a 
cherry-red heat, and put, when al- 
most black, to the hammer. The 
rapid succession of strokes heats the 
ste- 1, and, if it is very hard, often inr 
too high a degree. Each hammer 
requires a til ter aud two boys, la 
this case, as in that of blistered or 
German steel, hammering and heat- 
ing need the utmost attention. The 
quality of the steel depends upon the 
quickne&s with which the work is 
performed. The rods are heated in 
heating stoves, constructed like 
sheet-iron ovens. 

Steel. Specific gravity, 7*84 ; 
weight of a cubic foot, 490 lbs. ; a 
bar 1 foot long and 1 inch square 
weighs 3’4 lbs. ; it expands in length 
by 1° of heat, t5tV<tu (Bov) ; tem- 
pered steel will bear without perma- 
nent alteration, 45,000 lbs. ; cohesive 
force of a square inch, 130,000 lbs 
(Rennie) ; cohesive force diminished 
to\m» by elevating the temperature 1° 5 
modulus of elasticity for a base of an 
inch square, 29,000,000 lbs. ; height 
of modulus of elasticity, 8,530,000 
feet (Dr. Young). 

Steeler, the foremost or aftermost 
plank in a strake, which is dropped 
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short of the stern or stempost of a 
vessel. 

Steelyard, in statics , a kind of ba- 
lance having arms of unequal length, 
in which the weight is moved along 
the longer arm, and becomes in effect 
heavier in proportion as it is removed 
from the fulcrum or port. It was 
formerly named the Statera Humana, 
or Roman balance. 

Steeple, a spire or lantern ; the su- 
perstructure attached to the tower 
of a church. 

Steering-wheel, a wheel to which 
the tiller-rope is attached, for the 
convenience of steering a ship. 

Steeving, in navigation, denotes the 
elevation which a ship’s cathead or 
bowsprit is above the stem, or the 
angle which either makes with the 
horizon. 

Steinmannite, a variety of galena 
with an admixture of sulphides of 
lead and antimony; it is found at 
Przibram in Bohemia. 

Stem, the foremost piece of timber in 

a ship. In mining, a day’s work, 

of eight hours generally. 

S temples, in mining , wooden pieces 
fixed into the s'des of the shaft at 
distances of a stride from each other 
by which to go up and down the 
mine, instead of steps. 

Stemson, a piece wrought on the 
aft-part of the apron, continued as 
high as the middle deck or upper 
deck in small ships, the lower end 
lapping on or scarfing into the keel-on. 

Stench-trap, a contrivance for the 
prevention of the escape of effluvia 
from sinks and drains. These traps 

Section of Stench -trap. 



are on the same principle as a gaso- 
meter : a cup inverted in water stops 
the escape of gas. (See the follow- 
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ing plan and section of a trap in 
common use.) The circular plan 
shows how the fluid is «rah;ed off 
through small holes. Th^arrows iu 


Plan of Stench-trap, 



the section show the course which 
the fluid takes in its way into the 
pipe leading into the drain. It will 
be evident, from an inspection of the 
section, that the inverted cup will be 
immersed in the fluid as high as the 
dotted lines. If, from neglect, the 
space intended for fluid only should 
be suffered to become tilled with 
solid matter, the fluid will cease to 
run in the direction indicated by the 
arrow*, and the utility of the traps 
will be destroyed : they should, there- 
fore, be kept constantly clear from 
solid matter. 

Some persons, not understanding 
the principle on which the trap is 
constructed, remove the inverted 
cup when the water can no longer 
flow through it, and then leave it 
off. The consequence is, that, there 
being nothing to impede the gas 
from the drains from rising and 
flowing into the dwelling-houses, 
the hou-es very frequently become 
filled with noxious air. 

Stencil, a style of mural or other deco- 
ration which may be executed by 
those W'ho are ignorant of l lie proper 
use of the bnish. The outlines of the 
design are cut out in a piece of paste- 
board or metal ; this is called the 
stencil; it is placed on the plain sur- 
face which is to be decorated, and a 
bnidi containing the colour passed 
freely over the entire surface: so 
when the stencil is removed the 
design is left in colour on the mate- 
rial below. 

Stent, in mining , the waste heaps on a 
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mine, called variously, trade, deads, 
attle, stuff, rubbish. 

Step, in ship-building, a large piece of 
timber into which the heel of a 
mast is fixed. 

Steps for tlie masts are large pieces 
fitted across the keelson, into which 
the heel of the mast is fixed. The 
holes for the mast to step into 
should be cut in proportion to the 
steps, so as to leave sufficient wood 
on each side of the hole to answer 
in strength to the tenon left at the 
heel of the mast ; and if that should 
be rather too little the hole may 
be cut more thwart ships to answer 
the deficiency the fore and aft way. 
There are likewise large pieces 
called steps of the cupstands ; and 
steps on the top-side, for the con- 
venience of getting on board. 

Stereobate, or Stylobate, a bu^e ; 
the lower part or basement of a build- 
ing or column. 

Stereochromy, a modern style of 
wall-painting introduced by Aber- 
garth von Fuchs of Munich. The 
colours are mixed with water, and 
the whole painting fixed by silicic 
acid mixed with water, which be- 
comes hard and flinty, thoroughly 
preserving the painting from injury 
by fire, or exposure to weather. 

Stereographic projection of the 
sphere ; projection of a solid on a 
plane. 

Stereography, the art of represent- 
ing solids on a plane. 

Stereometry, a science showing how 
tb measure, or to find the solid 
contents. 

Stereoscope (The) has the property 
of producing natural effects or p« r- 
spective and relief, as objects are 
seen with a pair of eyes. 

The mind judges of the relative 
position, form, and magnitude of 
visible object^, by comparing their 
apparent outlines and varieties of 
light and shade, with previously 
acquired impressions of the sense 
of touch. The knowledge that 
such and such visual appearances 
and optical effects are produced by 
certain varieties of form, position, 
and distance having been already 
acquired, it substitutes with the 
quickness of thought the cau^e for 
the effect. The continual repeti- 
tion of such acts, which are ne- 
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cessarily repeated as often as the 
sense of vision is exercised, and 
the extreme rapidity with which 
all such mental operations are per- 
formed, imagination of shape, dis- 
tance and position are subjects of 
visual perception. 

Exceptional cases, however, are 
of a clat-s of visual phenomena 
manifested independent of mere 
outline and varieties of light and 
shadowy and which no effort of art 
can transfer to canvas. Inasmuch, 
also, as these phenomena are op- 
tional effects of distance, form, and 
position, they become, like the 
others, indications by w'luch the 
mind judges of the relative forms 
and positions of the objects ■which 
produce them. Phenomena of this 
class are manifested, when the ob- 
jects viewed are placed so near the 
observer as to have sensible bino- 
cular parallax. The aspects under 
which they are seen in this case by 
the two eyes, right and left, are dif- 
ferent. Certain parts are visible to 
each eye which are invisible to 
the other, and the relative positions 
in which some parts are seen by 
one eye, differ from those in which 
the same parts are seen by the 
other eye. This difference of as- 
pect and apparent position, arises 
altogether from the different posi- 
tion of the two eyes in relation to 
the objects. It is a phenomenon, 
tlicrefoie, wdiich can never be de- 
veloped, in the case of objects 
whose distance bears a large pro- 
portion to the distance between the 
eyes, because there is no sensible 
difference between the aspects un- 
der which such objects are viewed 
by the one eye and the other. The 
phenomenon, therefore, can only 
be man iteatid in relation to objects 
whose distance from the observer 
is a small multiple of the distance 
between the eyes. 

It appears that the two eyes, 
right and left, will have different 
view's of a bust ; so that if the 
observer were to make an exact 
drawing of a bust with his left 
eye closed, and another exact draw- 
ing of it with his right eye closed, 
these drawings would not be iden- 
tical. One of them would show 
a part of the bust on the extreme 
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right, which would not be exhibited 
in the other, and the latter would 
show a part on the extreme left, 
which would not be included in 
the former. Moreover, a part of 
the cheek and the eye would be 
shown in the drawing made with 
the right eye closed, which would 
not appear in the drawing made 
with the left eye closed. 

The stereoscopic pictures are ac- 
cordingly produced upon photon 1 . 1 - 
phic paper, or glass. On glass they 
are transparent; and on paper mav 
be either opaque or transparent, ac- 
cording to the thickness and quality 
of the paper. 

Since the greater number of ste- 
reoscopic pictures represent views 
of objects which must be so distant 
from the observer as to have no 
sensible binocular parallax, it may 
be asked how it is that stereosco- 
pic effects, so remarkable as those 
which are manifested bv such pic- 
tures, can be produced. If the 
stereoscopic effects be the conse- 
quences of binocular parallax and 
of that alone, how can such effects 
be produced by pictures of objects 
which have no such parallax ? 

When the pictures are produced 
on a small scale they are plat ed in 
the stereoscope, the eye-glasse3 of 
which will have the effect of caus- 
ing them to be viewed in lines con- 
verging at the same angle, as that 
formed by the optic axes of the 
two photographic instruments by 
which the pictures were pioduced. 

Stcreotomy, art of cutting solids, or 
making sections thereof, as walls or 
other members in prolile of aulii- 
tccture. 

Stereoty pe printing signifies pi int- 
ingby fixed types, or by a cast t\ po- 
graphic plate. 

Stcril Coal, m mining, black clay, or 
ftli de, at the head ot a coal-seam. 

Stern, the aft-part of a ship. 

Stornb ergite, a sulphide of silver and 
it on. 

Sterne-frame, the frame of timber 
that is composed of the stern-post, 
transoms, and fushion-pif ces. 

Stern-post, the straight piece of tim- 
ber at the aftermost part of a ship, 
and to ^ which both sides of the 
ship unite : the lower end is te- 
noned into the keel. It is gene- 
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rally worked with the butt-end up- 
wards, being most suitable to the 
conversion of the timber ; but in 
some ships which trade t<? a hot 
climate it has been preferred to 
work the butt-end downwards, be- 
cause in large ships it requires a 
piece of such growth whose juices 
towards the butt are nearly ex- 
hausted, and therefore it is sup- 
posed to last longer under water ; 
whereas by the heat of the wea- 
ther, when the butt is worked up- 
wards, it decays with dry-rot for 
want of moisture. 

Stern-sheets, in navigation , that 
part of a boat which is contained 
between the stern and the hindermost 
seat of the rowers. 

Sterro Metal, in metallurgy, an alloy 
of copper, zinc, iron, and tin, which 
is stated to possess great tensile 
strength and considerable elasticity. 

Stiacciato, sculpture in very low 
relief. 

Stibium, another name for antimony. 

Stick-lac. (See Shell-lac.) 

Sticking, in mining , very narrow 
veins. 

Stiff, in navigation, denotes the quality 
by which a ship is enabled to carry 
a sufheient quantity of sail without 
danger of oversetting. 

Still-house, a house used for the pre- 
paration of fermented drinks. Rules 
are given for building these houses : 
the first caution is to lay the floor 
aslope, not flat, where any wet work 
is to be performed. It should be also 
well flagged with broad stones, so that 
no wet be detained in the crevices, 
but all may run off and be let out at 
the drains made at the bottom and 
sides. Stills for wines should be 
placed abreast on that side of the 
still house to which the floor has its 
current. Fronting the stills, and 
adjoining to the hack of the wall, 
should he a stage for holding the 
fermenting-backs ; so that these 
being placed at a proper height, may 
empty themselves by meaus of a cock 
and a canal into the stills, which are 
thus charged with very little trouble. 
Near this set of fermenting-backs 
should be placed a pump or two,, that 
they may readily supply them Jtvith 
water by means of a trunk or Banal 
leading to each back. Und« the 
pavement, adjoining to the Bilk, 
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should be a kind of cellar, whereon 
to lodge the receivers, each of which 
should be furnished with its pump 
to raise the low wines into the still 
for rectification; and through this 
cellar the refuse wash or still-bottoms 
should be discharged, by means of a 
hole or other contrivances. 

Still Life, pictures representing groups 
of flower?, stalls of fruit, or other 
inanimate things, are so called. 

Stil de Grain, a French name given 
to the green and yellow pigments 
which are made from vegetable dyes. 

Stilobatum, in architecture , denotes 
the body of the pedestal of any 
column. (See Stereobate.) 

Stink-stone, a variety of limestone, so 
called from its emitting when struck 
or rubbed a peculiar fetid odour. 

Stipple, engraving which is effected 
by a series of dots instead of lines. 

Stirrer, in soap making , a chisel- 
mouthed iron bar to clear the bottom 
of the copper. 

Stoce, or Stowee, in mining , a minia- 
ture windlass, put together without 
a nail ; this is used in Derbyshire to 
denote possession of the ground on 
which it is placed. 

Stolzite, native tungstate of lead. 

Stone is found in various forms and 
conditions, embedded in and stratitied 
under the earth’s surface. That 
portion of it which is used for build- 
ing purposes, is a dense coherent 
brittle substance, sometimes of a 
granulated, at others, of a laminated 
structure ; these qualities varying 
according to its chemical constitu- 
tion and the mode in which it has 
been deposited. Sometimes the 
laminated and granular rocks alter- 
nate with each other ; at others, a 
rock of a mixed form prevails, 
partaking of the characteristics of 
both structures. Independent of 
these properties is its power of reli- 
ance to compression, which depends 
chiefly upon its chemical combina- 
tions and the pressure to which it 
has been subjected whilst under the 
earth’s surface from the weight of 
superincumbent materials. The 
granite also, and other igneous rocks, 
owe their hardness to their having 
crystallised more or less rapidly from 
a fused mass. 

In attempting to ascertain the 
ultimate powers of resistance of rocks 


which have been deposited by the 
action of water, it is necessary to 
observe the direction in which the 
pressure is applied, whether in the 
line of cleavage, or at right angles 
to it. In nearly all of the following 
experiments this precaution was at- 
tended to, and it will be seen that 
the strength is far greater when the 
force is exerted perpendicularly to 
the laminated surface, than when it 
is applied in the direction of the 
cleavage. In building with such 
stone, it is also important that it 
should be laid in the same position 
as that in which it is found in the 
quarry, as the action of rain and 
frost rapidly splits off the laminae of 
the stone when it is placed otherwise. 
The strength of the igneous or 
crystalline rocks is the same in every 
direction, owing to the arrangement 
of their particles. 

It might have been advantageous 
to have ascertained, by analysis, the 
chemical composition of the sub- 
stances experimented on ; but as 
this varies in almost every locality, 
and that in accordance with the 
superincumbent and surrounding 
strata, this is of less consequence in 
practice than a knowledge of absolute 
facts in connection with the proper- 
ties of the material. 

The most important building 
stones of the United Kingdom are 
the following : — 

Granites . — A large group of crys- 
talline rocks consisting chiefly of fel- 
spar, mica, and some allied minerals, 
imbedded in quartz ; they are pro- 
duced chiefly in Cornwall, Devon- 
shire, Leicestershire, Wicklow, and 
Carlow. 

Porphyries , Syenites , Klcans . — 
Locks in which crystals are imbedded 
in an earthy or compact base ; they 
are obtained from Cornwall, Devon- 
shire, Leicestershire, and many parts 
of Scotland and Ireland. 

Sandstones. — A group ofsediment- 
ary rocks containing calcareous and 
argillaceous matter : when containing 
silica they form exceedingly durable 
building stone; occur in quarries in 
Yorkshire, Derbyshire, Shropshire, 
Surrey, and several countries of 
Scotland. The Portland and Crag- 
lei th stones are among the most 
celebrated of this class. 
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Millstone Grit. — A coarse con- 
glomerate belonging to the upper part 
of the carboniferous system, found 
extensively in Derbyshire, York- 
shire, and most of the coal-producing 
districts of Wales and England. 

Dolomites or Magnesian Limestones. 
—A limestone containing carbonate 
of magnesia : those varieties that 
approach nearest in composition to 
equivalent combinations of the two 
carbonates yield the most durable 
building stone : produced abundantly 
in Yorkshire, Durham, Northumber- 
land, Derbyshire, and Nottingham- 
shire. 

Oolites. — A series of rocks belong- 


ing to the middle secondary forma- 
tions, yielding admirable but soft 
building stone : the Bath stone is a 
well-known example of this cla 4 s: 
also the stone from the qu?w^es of 
Ancaster and of Ketton are fine 
specimens. 

Limestones. — Hocks consisting 
chiefly of un crystallised carbonate of 
lime, affording excellent building 
material. 'I his class is very varied, 
but the Purbeck marble, Derbyshire 
marble, Devonian limestone, and the 
well-known Mountain limestoue are 
the best examples. Lias formation 
also yields a fine limestone. 


Experiments to determine the force necessary to fracture, and subsequently to 
crush, 2-inch cubes of sandstone from the Shipley quarries, Bradford. The 
pressure applied in the direction of the cleavage. 


No. 

of 

Expt. 

Weights 
laid on 
in lbs. 

Remarks. 

No. 

of 

Expt. 

Weigh Is 
laid on 
in lbs. 

Remarks. 

No. 

of 

Lxpt. 

Weights 
laid on 
in lbs. 

Remarks. 

Specimen No. 1. 

Specimen No. 2. 

Specimen No. 3. 


Slupley. 


Heaton. 


Heaton Park. 

12 

31732 


11 

31732 


8 

2G356 


13 

23524 

fractured 

12 

33o24 

fractured 

9 

28H8 








10 

29040 

fractured. 

id 

38900 

crushed 

id 

40092 

crushed 

11 

31732 

crushed. 


Specimen No. 9. 

Specimen No. 10. 




Old Whatley. 

M anningham-lane. 

This specimen was de- 

11 

31732 


8 

20356 


fective and crushed as the 

12 

33524 


9 

28148 

fractured. 

first 

weight. 28,148 lbs., 

lo 

85316 

fractured 




| was laid on. 



tl'cruslied 

suddenly. 

i-i 

37108 

crushed. 


The results of the experiments 1, 2, 3, 9. 10, fractured and crushed in the 
line of cleavage, are given in the following Table. 


No. of 
Specimen 

Locality. 

Size. 

Wught at which 
it fractured. 

Weight at which 
it crushed. 

i 

Shiplev, Bradford. 

2-in. cube. 

33524 

38900 

2 

Heaton .... 


33524 

40692 

3 

Heaton Park . . 


29910 

31732 

9 

Old Whatley . . 


35116 

35316 

10 

Manningliam-lane. 


28148 

37108 


Mean 


32090 

36749 


438 





STO 


STONE. 


STO 


Experiments to determine the force required to fracture , and subsequently to 
crush, 2-inch cubes of sandstone from the Shipley and other quarries, near 
Bradford. Pressure being applied at right angles to the clear age. 


No. 

of 

Expt. 

Weights 
laid on 
in lbs. 

Remarks. 

. No. 
of 

' Expt. 

Weights 
laid on 
in lbs. 

Remarks. 


Specimen No. 5. 


Specimen No. 6. 


Idle Quarry. 

) 

J egrumVlane. 

15 

38900 


: is 

44276 


16 

40692 


19 

45172 

fractured. 

17 

42184 





18 

43380 

crushed. 

! oo 

47860 

crushed. 


Specimen No. 5. 


Specimen No. 8. 


Idle Quarry. 


Coppy Quarry. 

10 

29940 


u 

3« lu8 

first fracture. 

11 









16 

39790 

second fracture. 

14 

37108 





: 18 

41588 

crushed. 


Specimen No. 11. failed. 


Results of experiments on specimen*!, 5, G, 7, 8, fractured and crushed at 
right angles to the cleavage. 


I No. of 
Specimen. 

Locality. 

Size. 

Weight at which 
it fractured. 

Weight with 
which it crushed 

5 

Idle Quarry, Brad- 
ford 

2-in. cube. 

42481 

43380 

6 

Jog rum Via ne 


45172 

47860 

7 

Spinkwell 


31732 

37108 

8 

Coppy Quarry 

” 

37108 

415S8 


Mean 


39124 

42484 


By the foregoing experiments it 
will be observed that the resisting 
powers of stone to compres.'on, are 
greatest when the pressure is applied 
perpendicularly upon the bed or 
laminated surface, and are in the 
ratio of 100 : 82 in the force required 
to fracture, and 100 : 86 in the force 


required to crush this description of 
stone. Hence, as already observed, 
the powers of resistance of every de- 
scription of laminated stone, are 
most effective when the beds are 
placed horizontally or perpendicu- 
larly to the direction «>t the pressure, 
and this position is the more import 
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ant when the stone is exposed to the terial by the contraction of the stone 

atmosphere, as it partially prevents and the expansion of the water at 

the absorption of moisture, which low temperature, 
in winter tends to de&tioy the ma- 



Experiments to determine the force required to fracture and crush 1 in., li in., 
and 2 in. cubes of stones, from Scotland , Wales , and other places. 


No. 
of 
Exj t 

Weight 
Lid on 
in lbs. 

Remarks. 

; No. 

i ° f 

Expt. 

Weight 
laid on 
in lbs. 

Remarks. 

Specimen No. 12. Grauwacke. 
renmaenniawr, Wales. 

2-in. cube. 

Specimen No. 14. Granite. 

Mount Sorrel. 

2-in. cube. 

18 

20 

80 

31 

40G92 

031*3 

Co 730 
07572 

slight fracture. 

second fracture. 

crushed. 

19 

21) 

21 

22 

4C0C8 

47880 

49852 

5144-1 

fractured, and after 
a flight rest crushed. 

Specimen No l.j. Grauwacke. 
Inpjcton. 

2-in. cube. 

Specimen No. 18. Granite. 
Aberdeen. 

2-in. cube. 

13 

20 

25 

3531G 

47880 

63230 

first fracture. 

second ii. t:u.e. 

not crushed. 

8 

9 

10 

11 

28356 

27516 

281-18 

28340 

fractured. 

not crushed. 

Specimen So. 17 Syenite. 
Mount Sorrel/ 

2-in. cube. 

Specimen No 18. Granite. 

Bon aw. 
lj-in. cube. 

17 

18 

19 

20 

42484- 
44276 
401 M‘8 
47284 

crushed. 

2 

3 

' 

15G04 

1739G 

24564 

f fractured into two 
( nearly equal parts. 

crushed. 

Specimen No. 19. Furnace Granite. 
Inverary 
l£-in. cube. 

Specimen No 

14-in 

20. Granite. 

4. 

cube. 

4 

5 

6 

7 

19188 

20980 

22772 

24564 

crushed. 

i 

0 

7 

19188 

20980 

22772 

24564 

fractured. 

crushed. 
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No. 

of 

Expt. 

W eight 
laid on 
in lbs. 

Remarks. 

Xo. 

of 

Expt. 

Weight 
laid on 
in lbs. 

Remarks. 

1 Specimen Xo. 21. Limestone. 

j Specimen Xo. 

22. Limestone. 


B. 


c. 


1 &- 2 H. cube. 


14-in 

. cube. 

i 

1381 


2 

15604 


2 

15604 


3 

17396 


3 

17396 

fractured. 

4 

18-292 

fractured. 

4 

19188 

crushed. 

5 

19183 

crushed. 

Specimen No. 23. 

Magnesian Lime- 

Specimen Xo. 24. 

Magnesian Lime- 


stone. 

An>ton. 


stone. 

Worksop. 


1-in 

cube. 

1 

1-in. cube. 

1 

1258 


13 

3834 


2 

2154 

fractured. 

14 

3016 

fractured. 

10 

3050 

crushed. 

33 

L 

7098 

crushed. 

Specimen No. 25. Sandstone. 

Specimen Xo. 

2G. Sandstone. 


1-in 

cube. 


2-in. cube. | 


2938 


a 

9770 




fractured. 

12 

10218 

fractured. 

13 

3498 

crushed, 

20 

12223 

crushed. 


Results of experiments on stone from North Wales and other places. 
Specimens Nos. 12, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, and 26. 


No of 
Speci- 
men. 

Description 

of 

Stone. 

Locality. 

Size. 

Wtisrht 

v ltll 
■which it 
fractured, 
in lbs. 

Weight 
with 
nliich it 
crushed, 
in lbs. 

Pressure 
required 
to < rush a 

2- in. cube, 
in lbs. 

12 

Grauwacke 

Penmaenmawr... 

2-in. cube. 

4or,!>2 

67572 

67572 

14 

Granite... 

Mount Sorrel ... 


;>i 1 11 

51441 

51444 

17 

Syenite... 



4728 1 

47284 

47284 

18 

Granite... 

Honan', Inverarv 

L l , -in. cube. 

1731m; 

24564 

43069 

19 


Furnace 


21564 

2 1 564 

43669 

20 

„ 

(A) 


22772 

24561 

43669 

21 

Limestone 

(B) 


17306 

19188 

34112 

22 

„ 

(C) 

,, 

18202 

19188 

34112 

23 


Anston 

1-in. cube. 

2154 

3050 

12200 

24 


Worksop 


3046 

7098 

28392 

25 

Sandstone 




3050 

3489 

13992 

26 

? > 



2-in cube. 

10218 

12228 

12228 
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The Welsh specimen of gran- 
waeke, from Penmaenmawr, exhibits 
great powers of resistance, nearly 
double that of some of the Yorkshire 
sandstones, and about one-third in 
excess of the granites, excepting 
only the granite from Mount Sorrel, 
Which is to the Wehh grauwacke as 
*7571 : 1. Some others, such as the 
Ingleton grauwacke, supported 
more than the granites, but are defi- 
cient when compared with that from 
Penmaenmawr. The specimen No. 
23 is the stone of w’hieh the Houses 
of Parliament are built. Specimens 
Nos. 25 and 26 were broken to show 


experimentally the ratio of €h< 
powers of resistance as the size is 
changed. The results are sufficiently 
near to prove that the crushing 
■weights are as the areas of the sur- 
face subjected to pressure. 

The specific gravity and porosity 
of the different kinds of rock vaiw 
greatly : those from the neighbour- 
hood of Bradford were carefully 
tested in regard to their powers of 
absorption : the experiments, which 
were conducted by Mr. Fairbairn 
with great precision, gave the follow- 
ing results : — 


Experiments to ascertain the amount of water absorbed by various kinds 
of stone. 


No. of Description 
Speci- of 
men. Stone. 


Weight 

Weight after lm- Differ- 
beforeim- mersion enceof 
mersion. for Weight. 
48 hours. 


Proportion 

absorbed. 


Sandstone Shipley 
,, Ileaton., 


Heaton Park 

Spinkwell I 

Idle Quarry i 

Jegrum’s-lane 1 

Spinkwell 1 

Coppv Quarry ... 

Old Whatley 

M anningham-lane 


Grauwacke Wales 

Granite ...[Mount Sorrel 


Grauvracke Ingleton . 


1 in 63*6' || 
1 in 49-8 If 
1 in 44*1 jf 
1 in 30*3 1 
1 in 56*? 1 
1 in 46*21 
1 in 53*8* 

1 in 46*0 1 
1 in 38*9 1 
1 in 46*3 1 
1 in 45*0 if 
1 in 1641*0 J 
1 in 485*0 3 
1 in 495*0 If 
1 in 1962*6 || 


From the above table it will be 
observed that specimen No. 15, the 
Ingleton grauwacke, is the least ab- 
sorbent, and No. 12, the Welsh 
grauwacke, absorbs almost as little, 
while Nos. 9 and 14 of the sandstones 
absorb most. The granites, though 
closely granulated, take up much 
more water than the grauwackes, but 
less than the sandstones. The resist- 
ance ot the grauwacke specimens to 
the admhsion of water is four times 
that of the granite, and thirty-six 
times that of sandstone, such as is 
found in the Yorkshire quarries. 
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On comparing the results of till 
experiments on the Yorkshire sandi 
stones, it will be seen that the diffeij 
ence of resistance to pressure does 
not arhe so much from the variable 
character of the stone in different 
quarries, as from the position in 
which it is placed as regards its 
laminated surface, the difference] 
being as 10 : 8 in favour of the stone 
being crushed upon its bed to the) 
same when crushed in the line ofi 
cleavage ; the same may be said ofl 
the limestones. j 

Comparing the strengths indicated 
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No. of Specimen. 

Description 

of 

Sandstone. 

Locality. 

Size. 

Speci- 

fic 

gra- 

vity. 

Pres- 

sure 

to 

frac- 
ti re 
speci- 
men. 

Pres- 

sure 

to 

crush 

speci- 

men. 

Pres- 
sure 
per 
square 
inch to 
crush 
speci- 
men. 

Cubic 
feet 
in a 
ton. 

Ratios 

of 

powers 

of 

absorp- 

tion. 

i 

Sandstone 

Shiplej*.,.,.. 

cube 
2 in. 

2-452 

lbs. 

33524 

lbs. 

38900 

lbs. 

9725 

14-Glfi 

1 in. 

03*6 

*2 


Heaton 


2-420 33524T069 9 

10173 

14-809 

49-8 

3 


Heaton Park ... 


2-385 

39940:31732 

7933 

15*027 

44-1 

4 

5 


Spmk well 

Idle Quarrv 

•> 

2*329 defec- tive 
2-404 42484 ! 43380 

10845 

15*388 

14*545 

30-1 

56-3 

G 


Jegrum's-lane ... l 


2-41104517-2 

47800 

11905 

14-933 

46-2 

7 


Spink well 


2 456 31732 

37108 

9277 

14-592 

53-8 

8 


Coppv Quarrv... 


2-40837108 41588 

10397 

14*833 

46-0 

9 


Old Whatlev ... 


2-415 

35316 

55310 

8829 

14 840 

38-9 

0 


Mannmg’m-lane 


2*101 2814* 


9277 

14-927 

46-3 

11 



2-421 

fai led 


14-804 

450 

12 

Grauwacke 

Penmaenmawr 


2*748 40092 07572 

16893 

13-042 

1641-0 

13 

Granite 

Mount Sorrel 


*2*057 





13-489 

485-3 

14 


. 


2-675 51414 51444 

12861 

13-389 

495-0 

Id 

Grauwacke 

In^leton 

-2-787 

35310 ^525r>) not erd 

12-866 

1962-6 

1C 

Granite ... 

Abeideen 


— 

27540 (2S5 loj not erd 





17 

Svenite ... 

Mount Sorrel ... 


— 

47284 47284 

11821 





18 

Granite ... 

Bonaw 

1 Ain. 

— 

17390 24504 

10917 

— 



19 


Furnace 


— 

2456424564 

10917 

— 

— 

20 


A 


— 

22772 24564 

10917 

— 



21 

Limestone 

B 


— 

17396 19188 

8528 

— 



22 

?•> 

C 


— 

18292 19188 

8528 

— 



23 


Anston 

1 in. 

— 

2154 

3050 

3050 

— 



24 


Workshop 


— 

3946 

7098 

7098 

— 

— 

25 

Sandstone 

D 


— 

30 :>0 

3498 

3498 

— 



20 


2 in. 

— 

1021812228 

8057 

— 

— 


by the above experiments, there is 
found to he a very close approxima- 
tion in the granites, but considerable 
difference in the Yorkshire sand- 
stones. Mr. Rennie obtained his 
specimens from the same district, 
the valley of the Aire ; but the force 
r required to crush the Bromley Fall 
stone was much less than that re- 
quired to fracture similar specimens 
from the Shipley quarries. The 
following table gives some useful re- 
sults tor comparison. 

, From the above it is evident that 
« there is a considerable difference 
. between the results of Mr. Rennie’s 
exj eri nents and those in the piv- 
, ceding tables. This may, perhaps, 
be due to the different methods pur- 
- sued in the experiments, or from 


taking the first appearance of frac- 
ture as the ultimate power of resist- 
ance. Whereas there is in some 
ca-es a difference of nearly a third 
between the weight required to pro- 
duce the first crack, and that required 
subsequently to crush the specimen. 
This is the more remarkable, as all 
the specimens did not appear to 
follow the same law, as in some the 
weight which fractured the specimen 
by a continuation of the process ulti- 
mately crushed it. 

The necessity of these experiments 
was more apparent some ye.*r& since, 
iri the construction of the Britannia 
and Conway tubular bridges, when 
fears were entertained of the security 
of the masonry to support, upon the 
area, the immense weight of the 
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Description of Material. 

Crushing force 
in lbs. per 
square inch. 

Authority. 

Porphyrr 

40416 

Gnuthey. 

Granite, Aberdeen 

11209 

Rennie. 

„ mean of 3 varieties ... 

11564 

Experiments 14, 18, 19. 

Sandstone, Yorkshire 

6127 

Rennie. 

, 5 „ mean of 9 

9824 

Experiments 1 to 9. 

Brick, hard 

1888 

Rennie. 

„ red 

805 

Rennie. 


tubes, upwards of 1,500 tons, resting 
on one side of the tower. To ascer- 
tain how far the material (Anglesea 
limestone) was calculated to sustain 
this load, the following experiments 
were made: — 

Brickwork. 

No. 1. — 9 -in. cube of cemented 
brickwork (Nowell and Co.), No. 1 
(or best quality) weighing 54 lbs., 
set between deal boards. Crushed 
with 19 tons 18 cwt. 2 qrs. 22 lbs. 
« 551*3 lbs. per sq. inch. 

No. 2.— 9 -in. cube of brickwork, 
No. 1 weighing 53 lbs., set in ce- 
ment, crushed with 22 tons 3 cwt. 
0 qr 17 lbs. = 6127 lbs. per sq. 
inch. 

No. 3. — 9-in. cube of brickwork, 
No. 3 weighing 52 lbs. set in ce- 
ment. Crushed with 16 tons 8 cwt. 
2 qrs. 8 lbs. =454 '3 lbs. per sq. inch. 

No. 4. — 9^-in. brickwork. No. 4 
weighing 55 £ lbs., set in cement. 
Crushed with 21 tons 14 cwt. 1 qr. 
17 lbs. = 568*5 lbs. per sq. inch. 

No. 5. — 9-in. brickwork. No. 4 
weighing 54^ lbs., set between 
boards. Crushed with 15 tons 2 
cwt. 0 qr. 12 lbs.=417 lbs. per sq. 
inch. 

Mean of the above experiments 
=521 lbs. per sq. inch. 

The last three cubes of common 
brick continued to support the 
weight, although cracked in all di- 
rections ; they fell to pieces when 
the load was removed. All the 
brickwork began to show irregular 
cracks a considerable time before it 
gave way 

The average weight supported by 
these bricks was 33*5 tons per square 
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foot, equal to a column 583*69 feet 
high, of such brickwork. 

Sandstone. 

No. 6. — 3-in. cube red sandstone, 
weighing 1 lb. 14f oz., set between 
boards (made quite dry by being 
kept in an inhabited room). Crushed 
with 8 tons 4 cwt. 0 qr. 19 lbs.= 
2,0-13 lbs. per sq. inch. 

No. 7. — 3-in. cube sandstone, 
weighing 1 lb. 14 oz., set in cement 
(moderately damp). Crushed with 

5 tons 3 cwt. 1 qr. 1 lb. = 1,285 lbs- 
per sq. inch. 

No. 8. — 3-in. sandstone, weighing 
1 lb. 15^-oz., set in cement (made 
very wet). Crushed with 4 tons 7 
cur. 0 qr. 21 lbs. = 1,085 lbs. per sq. 
iii'.li. 

No. 9. — 6-in. cube sandstone, 
weighing 18 lbs., set in cement. 
Crushed with 63 tons 1 cwt. 2 qrs. 

6 lb". = 3,924-8 lbs. per sq. inch. 

No. 10. — 9^-in. cubes and stone 

weighing 58£ lbs., set in cement 
(77£ tons were placed upon this 
without effect, = 2,042 lbs. per sq. 
inch, which was as much as the 
machine would carry). J 

Mean of the above experimental 
= 2, 185 lbs. per sq. inch. J 

All the sand&tones gave way 
denly, and without any picvioujM 
cracking or warning. The 3-in. 4 
cubes appeared of ordinary descrip- 1 
tion ; the 6-in. was finegrained, and J 
appeared tough and of superior , 
quality. After fracture the upper ! 
part generally retained the form of 
an inverted square pyramid about 
2£ in. high and 7ery symmetrical, 
the sides bulging away in pieces all 
round. The average weight of this 
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material was 130 lbs. 10 oz.per cube 
foot, or 17 feet per ton. 

The average weight required to 
crush this sandstone is 134 tons per 
square foot, equal to a column 2,351 
feet high of such sandstone. 

Limestone. 

No. 1 1 . — 3-in. cube Anglesea lime- 
stone, weighing 2 lbs. 10 oz. set 
between hoards. Crushed with 26 
tons 11 cwt. 3 qrs. 9 lbs. = 6,618 lbs. 
per sq. inch. This stone formed 
numerous cracks and splinters all 
round, and was considered crushed ; 
but on removing the weight about 
two-thirds of its area were found 
uninjured. 

No. 12. — 3-in. limestone, weigh- 
ing 2 lbs. 9 oz., set between deal 
boards. Crushed with 32 tons 6 cwt. 
0 qr. 1 lb. =8,039 lbs. per sq. inch. 
This stone also began to splinter 
externally with 25 tons (or 6,220 lbs. 
per sq. in.), but ultimately bore as 
above. 

No. 13. — 3-in. limestone, weigh- 
ing 2 lbs. 9 oz., set in deal board*. 
Crushed with 30 tons 18 cwt. 3 qrs. 
24 lbs. = 7,702*6 lbs. per sq. inch. 

No. 14. — Three separate 1-in. 
cubes of limestone, weighing 2 11 >s. 
9 oz., set in deal boards. Crushed 
with 9 tons 7 cwt. 1 qr. 14 lb*.= 
6,995*3 lbs. per sq. in. All crushed 
simultaneously. 

Mean of the above experiments, 
7,579 lbs. per sq. inch. 

All the limestones formed perpen- 
dicular cracks and splinters a long 
time before they crushed. 

Weight of the material from 
above = 165 lbs. 9 oz. per cubic foot, 
or 13i feet per ton. 

The weight required to crush this 
limestone is 471*15 tons per square 
foot, equal to a column 6,133 feet 
high of such material. 

Previously to the experiments 
just recorded, it was deemed advis- 
able not to tru«fc to the resisting 
powers of the material of which the 
towers of either bridge were com- 
posed ; and, to make securitydoubly 
sure, it was ultimately arranged to 
rest the tubes upon horizontal and 
transverse beams of great strength, 
and by increasing the area subject 
to compression, the splitting cr 


crushing of the masonry might be 
prevented. This was done with 
great care, and the result is the 
present stability of those important 
structures. 

To the consideration of the prac- 
tical builder the general summary 
of results on the next page is sub- 
mitted, obtained from various ma- 
terials, showing their respective 
powers of resistance to forces tending 
to crush them. 

Professor Hodgkinson has also 
experimented on round and square 
columns of sandstone from Ped 
Delpb, Littleborougb, Lancashire, a 
much harder stone than that found 
on the banks of the Aire. With 
regai d to these experiments, it ap- 
pears ‘ that there is a falling off in 
strength in all columns from the 
shorte&t to the longest, but that the 
diminution is so small, when the 
height of the column is not greater 
than about twelve times the side of 
its square, that the strength may be 
considered uniform, the mean being 
10,000 lbs. per square inch or up- 
wards. 

‘From the experiments on the 
columns 1 in. square, it appears that 
when the height is til teen times the 
tide of the square, the strength is 
slightly reduced ; when the height 
U twenty-four times the height of 
the ba*e,* the falling-off is from 138 
to 96 nearly ; when it is thirty times 
the ba-r, the strength is reduced 
from 138 to 75 ; and when it is forty 
times the base, the strength is re- 
duced to 52, or to little more than 
one-thiid. The*e numbers will be 
modified to some extent by experi- 
ments now in progress. 

‘As long columns always give 
way first at the end*, showing that 
pait to be weakest, we might econo- 
mise the material by making the 
area* of the ends greater than that 
of the middle, increasing the strength 
from the middle both ways towards 
the ends. If the areas of the ends 
be to the area of the middle, as the 
strength of a short column is to that 
of a long one, we should have for a 
column, whose height was twenty- 
four times the bieadth, the areas of 
the ends and middle as 13,769 to 
9,595 nearly. This, however, would 
make the ends somewhat too strong, 
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General Summary of Results on Compression . 


Description of Material. 


Iron 

and 

Steel. 


Stone. 


Timber. 


Steel 

Blitter Steel . . . . .| 

Cast iron (white derived 
• from 1 1 melting) . .' 
Ditto (fiom 1- meltings) .' 
Ditto (from ordinary ea-t- 
. ini; «) • ■ ■ ■ - ■ • 

'Porphyry 

Grauwaeke, Pen m aenmawr 
Granite, mean of 3 . . .' 

Sand done. York -lure . J 

Ditto, mean of 9 exprints. 1 
Ditto, Runcorn . . . . 

Limestone 

Ditto, Anglesea .... 
Ditto, Magnesian — mean . 

Brick, hard 

Ditto, red 

Ditto, mean of 4 exnrmts. 

j'Box 

Engliah Oak (dried) . . 

A>h (ditto) . . 

Plum-tree (ditto) . . 

Beech 

Red Deal | 

Cedar 1 

^Yellow Pine [ 


Crushing 
force m lbs. 
per sq. inch. 


Authority. 


214816 

163744 

8h;oo 
4041b 
10893 
11. >05 
Cl 27 
9824 
2185 
8528 
7579 
5074 
1888 
805 
1424 


Fairb aim's Experiments 
on the Mechanical Pro- 
> perries of Metals. (Trans- 
| suctions of the British 
j As>oriution), 1854. 

Gau they. 

Experiment No. 12. 

Ditto Nos. 14, 18, 19 
Rennie. 

Experiments 1 to 10. 
Clark. 

Experiments 21, 22. 
Clark. 

Experiments 23, 24. 
Rennie. 

Clark. 


9771 
95 o9 
9363 
824 L 
6402 
5748 
5674 
5375 


I Hodgkinson. 


since the weakness of the long 
columns arises from their flexure. 

‘Another mode of increasing the 
strength would be that of prevent- 
ing flexure, by increasing the di- 
mensions of the middle, 

‘From the experiments it would 
appear that the Grecian columns 
which seldom had their length moie 
than about ten times the diameter, 
was nearly of the form capable of 
bearing the greatest weight when 
their shafts were uniform, and that 
columns tapering from the bottom 
to the top w'ere only capable of 
bearing weights due to the smallc-t 
part of their section, though the 
larger end may serve to prevent 
lateral thrusts, * This latter remark 
applies, too, to the Egyptian co- 
lumns, the strength of the column 
being only that of the smallest part 
of the section. 

‘From the two series of experi- 
44o 


ments, it appeared that the strength 
of a short column was nearly in 
proportion to the area of the sec- 
tion, though the strength of a larger 
one is somewhat less than in that 
proportion.’ 

These extracts from Mr. Hodg- 
kinson’-i paper show the advantages 
to bo derived from proper attention 
to the construction of columns, not 
only as regards their resistance to 
a crushing force, but as to the pro- 
priety of enlarging the ends to in- 
crease the powers of resistance. 

Experimental data cannot always 
be applied in architectural construc- 
tions ; but it is, nevertheless, essen- 
tial that the architect and builder 
should be cognisant of the facts, in 
order that they may prepare their 
plans, as far as po—ible, in accord- 
ance with them, and effect the 
greatest amount of work with the 
least waste of material. 
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Weights per Cubic Foot of many of ike Building Stones named in the following 

returns. 




1 


Avoirdupois 

Name of Quarry. 

Nearest Post Town. 

County. 

Weig 

ht per I 



Cubic Foot. 





lbs. 

oz. 

dr. 

Gatton .... 

Keigate 

, 

Surrey 

1U8 

i 

4 

Tisbury .... 

Tisbury 

, 

Wiltshire . 

111 

2 

4 

Coombe Down Lodge 

Bath 


Somersetshire 

116 

0 

0 

Tottemhoe 

Dunstable 


Bedfordshire 

116 

8 

0 

Calverley 

Tunbridge Wells . 

Kent . 

118 

1 

0 

Wind rush, soft . 

Burford 


Oxfordshire 

118 

2 

12 

Farleigh Down 

Bath 


Somersetshire . 

122 

10 

12 

Box Hill. 

Chippenham 


Wiltshire . 

123 

0 

0 

Park Quarrv . 

Tixall . 


Staffordshire 

124 

9 

1 

Park Quarry' . 

Corbv . 


Lincolnshire 

125 

11 

0 

Dundry Hill . 

Bristol . 


Somersetshire . 

126 

2 

2 

Cadeby .... 

Doncaster 


Yorkshire . 

126 

9 

8 

Aislabv .... 

Whitby 


Yorkshire . 

126 

11 

0 

Roach(Goslings) Portland 

Weymouth 


Dorsetshire 

126 

13 

13 

tneetley (White) 

Worksop 


Nottinghamshire 

128 

3 

0 

Ketton .... 

Ketton . 


Rutlandshire 

128 

0 

12 

Crawbank 

Borrowstone 

ss 

Linlithgowshire. 

123 

2 

1 

Old Down (Doulting) 

Skepton Mallet 

Somersetshire . 

130 

4 

0 

Morlev Moor . 

Derby . 

„ • 

Derbyshire 

130 

8 

9 

Steetlev (Yellow) . 

W orksop 

. 

Nottinghamshire 

130 

9 

5 

Heddon .... 

Ne\vcastle-on-Tyne 

Northumberland 

130 

11 

12 

Longannet 

Kincardine 


Perthshire 

131 

11 

11 

Beer .... 

Axminster 


Devonshire 

131 

12 

0 

Dunmore Stable 

Falkirk 


Stirlingshire 

132 

2 

5 

Bottom Bed (Goslings) ) 
Portland. j 

Weymouth 


Dorsetshire 

132 

5 

7 

Duffield Bank . 

Derby . 


Derbyshire 

132 

14 

12 

Hollington 

Uttoxeter 


Mnffurd-diire 

133 

1 

4 

Castle’s Quarry, Portland 

Weymouth 


Dorsetshire 

133 

6 

7 

Haydor . . . . 

Sleaford 


Lincolnshire 

13d 

7 

12 

M oakery .... 

Corby . 


Lincolnshire 

133 

8 

0 

Brodsworth 

Doncaster 


Yorkshire . 

133 

10 

8 

Pensher . 

Houghton-le 

-Spring 

Durham • 

134 

5 

1 

Yern Street, Portland 

Wes mouth 


Dorsetshire 

134 

10 

1 

Wav Croft, Portland 

Wevmouth 


Dorsetshire 

135 

8 

13 

Humbie, Dark 

Edinburgh 


Edinburgh 

135 

13 

0 

Gatherlev Moor 

Richmond 


Yoikshire . 

135 

13 

9 

Windrush, Hard 

Burford 


Oxfordshire 

135 

15 

0 

Hunger Hill . 

Bel per . 


Derbyshire 

135 

15 

4 

Taynton .... 

Burford 


Oxfordshire 

135 

15 

8 

Sutton .... 

Bridgend 


Glamorganshire 

13t> 

0 

0 

Bamack .... 

Stamford 


Lincolnslfire 


12 

5 

Park Nook 

Doncaster 


Yorkshire . 

.57 

3 

0 

Duke of Hamilton’s 

» 


Linlithgowshire 

12 7 

4 

4 

Hildenley 

Mai ton . 


Yorkshire . 

137 

10 

7 

Huddlestone . 

Sherburne 


Yorkshire . 

137 

13 

8 

Hawksworth Wood 

Leeds . 


Yorkshire . 

137 

14 

12 

Duke of Hamilton's 

• 


Linlithgowshire 

138 

2 

0 
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Weights per Cubic Foot of many of the Building Stones named in the following 

returns — continued. 





Avoirdupois 

Name of Quarry. 

Nearest Post Town. 

County. 

Weight per 
Cnbic Foot. 




lbs. 

DZ. 

drs. 

Roche Abbey . 

Bawdry . 

Yorkshire . . . 

139 

2 

5 

Ancaster 

Sleaford 

Lincolnshire 

139 

4 13 

Redgate .... 

WoHingham 

Durham . 

139 

9 

9 

Me an wood 

Leeds . 

Yorkshire . 

139 

14 

0 

Scullcap, Portland . 

Wevmouth . 

Dorsetshire 

110 

1 

0 

Humbie, Light 

Edinburgh . 

Edinburgh 

140 

3 

8 

Stanley .... 

Bewdlev 

Shropshire 

141 

7 

0 

Cat era ia- 1 .... 

Borrowstoness 

Linlithgowshire 

141 

a 

0 

Wass, soft 

Thirsk . 

Yorkshire . 

141 

H 

1 

Craigloith, bed rock 

Edinburgh . 

Edinburgh 

141 

12 

0 

Ham Hill 

Yeovil . 

Somersetshire . 

111 

12 

1 

Bramley Fall . 

Leeds . 

Yorkshire . 

142 

5 

8 

Stainton 

Barnard Castle . 

Durham . 

142 

8 

5 

Ilookstone 

Harrogate . 

Yorkshire . 

142 

10 

0 

Weetwood 

Leeds . 

Yorkshire . 

143 

0 

0 

Giffneuk 

Glasgow 

Lanarkshire 

143 

14 13 

Anston, Xorfall Qunrrv 

South Anston 

Yorkshire . 

144 

0 

9 

Anston, Stone-ends Quarry 
Duke’s Quarries 

South Anston 

Yorkshire . 

114 

3 

8 

Crotnfbrd 

Derbyshire 

144 

8 

5 

Kenton .... 

X e wcas tle-on-T vn e 

Northumberland 

145 

1 

0 

Victoria .... 

Leeds . 

Yorkshire . 

145 

3 

8 

Curf, Groove Quarry,} 
Portland . . J 

IVeyrpoutli . 

Dorsetshire 

145 

9 

9 

Wooclhouse 

Mansfield 

Nottinghamshire 

145 

12 

4 

Craighith, liver rock 

Edinburgh . 

Edinburgh 

145 

14 

5 

Gun Barrel 

Bewdlev 

Shropshire 

146 

0 

0 

Mansfield, White - 

Mansfield 

Nottinghamshire 

146 

9 

0 

Corby .... 

Corbv . 

Lincolnshire 

146 

11 

8 

Barbadoes 

Chepstow 

Monmouthshire 

146 

12 

5 

New Leeds 

Leeds . 

Yorkshire . 

147 

8 

0 

Grove, Portland 

Wevmouth . 

Dorsetshire 

147 

10 11 

Darley Dale . 

Bakewell 

Derbvshiie 

148 

3 

3 

Warwick 

Huddersfield 

Yorkshire . 

148 10 

8 

Mansfield, Red 

Mansfield 

Nottinghamshire 

148 10 

9 

Amygdaloid . 

Crediton 

Devonshire 

149 

9 

5 

Talacre .... 

Holywell 

Flintshire . 

150 

4 

4 

Seacombe 

Purbeck 

Dorsetshire 

151 

0 

4 

Park Spi iug . 

Leeds . 

Yorkshire . 

151 

1 

12 

Chi I in ark, Trough Bed . 

Salisbury 

Wiltshire . 

151 

6 

12 

Hoyle lion 4 e, Clough 

Huddersfield 

Yorkshire . 

151 

7 

1 

Chilmark, Penney Bed 

Salisbury 

Wiltshire . 

151 

9 

5 

Bolsover Moor 

Chesterfield . 

Derbyshire 

151 

11 

0 

Elland Edge . 

Halifax 

Yorkshire . 

153 

4 

9 

Long wood Edge • . 

Huddersfield 

Yorkshire . 

153 

7 

0 

Crossland Hill 

Huddersfield 

Yorkshire . 

155 

4 

1 

Ketton, Rag Bed . 

Ketton . 

Rutlandshire . 

155 10 13 

Viney Hill 

Coleford 

Gloucestershire . 

155 11 12 

Chilmark, HeadWhite Bed 

Salisbury 

Wiltshire . 

157 

6 

0 
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Weiahts per Cubic Foot of many of the Building Stones named in the following 
returns — continued. 






Avoirdupois! 

Name of Quarry. 


Nearest Post Town. 

County. 

We.c 

lit per 




Cubic Foot. 





lbs. 

oz. 

Irs. 

Scotgate Head 


Huddersfield 

Yorkshire . 

158 

0 

0 

Hopton Wood . 


Wirkswurth . 

Derbyshire 

158 

7 

4 

Lochee 


Dundee 

Forfarshire 

158 

11 

0 

Auchray . 


Dundee 

Do. 

158 

14 

5 

Lioch 


Dundee . 

Do. 

159 

3 

1 

Knocklev 


Coleford 

Gloucester-hire . 

150 

5 

4 

Mylnefield 


Dundee 

Forfarshire 

ICO 

0 

13 

Munlochy 


Munlochy 

Ri’"'-sliire ; 

ICO 

9 

11 

Glammiss 


Forlar . 

Fuifurshnc 

161 

2 

8 

Wass, Hard Led 


Thirsk . 

Yorkshire . 

162 

8 

0 

Pvotdykes 


Dundee 

Forfarshire 

162 

8 

13 

Granite, Stirling Hill 


Stirling 

Stirlingshire 

165 

14 

5 

Granite, High Lock, 
Breadalbane. 

} 

. 

IY-i thshire 

166 

0 

9 

Dvlais 

Swansea 

Clamorganslme 

ICO 

3 

12 

Kentish Rag . 


Maidstone . 

Kent . 

16C 

9 

9 

Black Hill, Granite 


Stirling 

Stirlingshire 

166 

10 

4 

Aberearne 


Newport 

Monmouthshire . 

167 

15 

5 

Trebaunws 


Swansea 

Glamorganshire 

168 

i 

9 

Red Jacket 


Swansea 

Glamorganshire 

1C8 

2 

8 

Carrara, Statuary . 


Tuscany 

Italy . 

1G8 10 

5 

Carrara, llavaceione 
Marble. 

i 

Tuscany 

Italy . 

1G9 

2 

8 

Granite, Dalkev 


Dublin 

: Dublin 

159 

9 

7 

Granite. Bars, Breadalbane 


i Perthshire 

169 

11 

5 

Cenfas 


Swansea 

Glamorganshire 

170 

o 

4 

Mumble . 


Swansea 

; Glamorganshire 

! 170 

7 

0 

Black Marble . 


Kilkenny 

! Ireland 

1 171 

6 

0 

Tiree Marble . 


Hebrides 

| Scotland . 

j!72 

5 

0 


The above table was constructed 
by the late Mr. C. H. Smith, who, 
as one of the Commissioners for 
selecting the stone for the Houses of 
Parliament, had already, in the report 
furnished by them, published many, 
which are here reprinted. Upon ap- 
plying to that gentleman for some 
additional information, he most 
liberally undertook to construct a 
new and correct table, showing the 
weights of a cubic foot of specimens 
fairly representing all the varieties 
of building stones used in this 
country. 

The various stones named may be 
considered as fair average samples of 
the material which each of the quar- 


ries respectively produces. In nearly 
all cases, the density or avoirdupois 
weights were ascertained with two 
very accurately squared six-inch 
cubes weighed in the state in 
which stones are usually employed 
for masonry. The following results 
are supplemental : — 

Si ox ic, Portland. Specific gravity, 
2*1 1 o: weight of a cubic foot, 132 lbs.; 
weight of a prism 1 inch square and 
1 foot long, 0*1)2 lb.; absorbs J, 7 of its 
weight of water (R. Tredgold); is 
cru>hed by a force of 3,729 lbs. upon 
a square inch (Rennie); cohesive 
force of a square inch, 857 lbs.; ex- 
tends before fracture T ?V* of its 
length ; modulus of elasticity for a 
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base of an inch square, 1,533.000 lbs.; 
height of modulus of elasticity, 
1,672,000 feet ; modulus of resilience 
at the point of fracture, 0*5 ; specific 
resilience at the point of fracture, 0*23 
(Tredgoldg 

Sro>E Math. Specific gravity, 1*975; 
weight of a cubic foot, 123*4 lbs.; 
absorbs -A of its weight of water (R. 
Tredgold) ; cohesive force of a square 
inch, 478 lb*. (Tredgold). 

Stone, Cmgkiih. Specific gra- 
vity, 2*362 ; weight of a cubic foot 
147*6 lbs.; absorbs -* - of its weight of 
water; cohe-ive foice of a square 
inch, 772 lb«. (Tredgold;: is crushed 
by a force of 5,490 lbs. upon a square 
inch (Rennie). 

Stone, Dundee. Specific gravity, 
2*621 ; weight of a cubic foot, 163*8 
lbs.; absorbs part of its weight of 
water; cohesive force of a square 
inch, 2,66 1 lbs. (Tredgold); is cru-hed 
by a force of 6,630 lbs. upon a square 
inch (Rennie). 

Stoxe-w ork. Wi ight of a cubic 
foot of rubble-work, about 140 lbs. ; 
of hewn stone, 160 lb-. 

Stone Coal, in mining , the larger 
kinds of anthracite coal. The tenn 
is sometimes applied to other varieties 
of hard coal. 

Stone-Coal Furnaces — A nthracite 
Furnaces (American). In eastern 
Pennsylvania all the furnaces are 
supplied by anthracite. 

Anthracite furnaces resemble, to 
a greater or less degiee, coke and 
charcoal furnaces. They are sel- 
dom so high as coke furnaces, and 
their horizontal dimensions are 
usually greater than those of char- 
coal furnaces. The following are 
the dimensions of several of the 
furnaces recently erected in eastern 
Pennsylvania. One belonging to 
Mr. Picket, at Reading, is 37 h te< t in 
height; the top or throat 6 feet in 
diameter ; height of hearth, 5 feet ; 
tuyere-, 22 inches above its bottom; 
the hearth is 5 feet square at the 
base, and 6 feet at the top ; the 
boshes are inclined C7£°, or at the 
- rate of 6 inches to the _ foot, and 
measure 14 feet at their largest 
diameter. At the point where the 
slope of the boshes joins the lining, 
a perpendicular cylindrical space, 
6 feet in height, commences, and 
from this point the general taper to 
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the throat is continued in a straight 
line. The hearth, as well as ^he 
boshes, is built of coarse sand-tone, 
but the latter are covered with a 
lining of fire brick, 9 inches thick. 
Tiie in-wall consists of two linings, 
and the interior is the lining which 
covers the bodies ; outside of this 
is a space 4 inches wide, filled with 
coarse sand, and this is protected 
by a rough lining of slate, 2 feet 
thick. The rough walls of the 
stack are not heavy, but they are 
well -ecu red by binders. 

This furnace is therefore but 
slightly tapered, and requires heavy 
stonework. It generates steam from 
the trunnel-head gas fiame. At most 
anthracite furnaces, this is done by 
putting the boilers on the top of the 
furnace. The hearth is 5 feet high, 
4 feet square at the bottom, and 
6 feet at the top ; the inclination 
of the bodies i- 75°, and the cylin- 
drical part of the in-wall above the 
bo-lics L 8 fe» t high and 12 feet 
in diameter. From the cylindrical 
pait up to the top, which is 6 feet 
in width, the in-wall runs in a 
straight line. 

A furnace erected by Messrs. 
R. eves and Co., at Phccnixville, is 
31 foot in height; the hearth is 6 
feet high, 4 feet 3 inches square at 
the bottom, and 5 feet 3 inches at the 
top : the bo-hes taper 68° , or at the 
rate of rather loss than 6 inches to 
the foot : they measure 13 feet at the 
wide.-t part.* Great care is taken 
that the lining and the boshes form 
a gradual curve, that sticking and 
scaffolding in the boshes may be ob- 
viated. The top of this furnace is 8 
feet square. There is no doubt that 
the form and construction of these 
anthracite furnaces have been carried 
within the short space of a few years, 
to so high a state of perfection as to 
leave but little room for future im- 
provements. Their shape is worthy 
of imitation, particularly by Western 
manufacturers ; for coal adapted to 
all of these furnaces is abundant in 
the western States of America. 

Most of these furnaces generate 
the steam for the motive power of 
the blast as well as the heat for the 
hot-blast apparatus at the top of the 
furnace. In this way expense is not 
only saved, but a uniform genera- 
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tion of steam and heating of air are 
produced. 

Anthracite furnaces require wider 
tops than coke furnaces, while the 
latter require far wider tops than 
charcoal furnaces. This width of 
the top may be considered the most 
essential improvement on the blast- 
furnace which is supplied by anthra- 
cite coal. The height of the stack 
in anthracite is much less than in 
coke furnaces, and somewhat lower 
than in charcoal furnaces. Anthra- 
cite furnaces vary from 30 to 3.') feet 
in height; charcoal furnaces, from 
30 to 40 feet in height; and coke 


Ystalyfera, Glamorganshire . 

Amman, Caermarthenshire . 

Ynescadwyn, Breckonshire . 

making in the year 28,500 tons of 
pig-iron. 

Btone lime : the builders distinguish 
the hydraulic limes from the chalk 
lime by this term. 

Stone ochre. The true stone ochres 
are found in. balls or globular masses 
of various sizes, in the solid bodies 
of stones lying near the surface of 
rocks among the quarries in Glouces- 
tershire or elsewhere. These balls 
are of a smooth compact texture in 
general, free from grit, and of a 
powdery fracture; they vary ex- 
ceedingly in colour, from yellow to 
brown, murrey, and gray, but do not 
differ in other respects from the 
Oxfordshire ochre, and may be safely 
used in oil or water [in the several 
modes of painting, and for browns 
and dull reds in enamel. 

Btone ware, a very hard and durable 
kind of pottery ; it was first made in 
China, but the most curious was 
made on the Lower Rhine in the 
fifteenth century. It is remarkable 
for the beauty of its decorations, 
which are executed in relief, and the 
durability of its enamel. 

Btool-end, in mining , portions of the 
rock left un worked for the purpose 
of supporting the rest. 

Stools, pieces of plank fastened to a 
ship’s side to receive the bolting of 
the gallery. 

Stope, in mining , working away the 
lode in steps. 


furnaces from 40 to 60 feet. The 
width of the trunnel-bead varies, in 
the United States, considerably. In 
Pennsylvania, Ohio, Kentucky, and 
Tennessee, the width of furnaces at 
the boshes is 9 and often 1 0 feet, and 
at the top from 18 to 20 inches ; or 
in the proportion of 30 square feet at 
the boshes to 1 square foot at the 
top. The Cold Spring furnace mea- 
sures at the boshes 9 feet, and at the 
top 32 inches : here the proportion 
is 11 feet at the boshes to 1 foot at 
the top. 

The only anthracite furnaces in 
this country are the following 

Furnaces In blast 
bu It iilS74 

. . . 11 5 

. 3 0 

. 2 2 

Stope for Stemples, in mining , a 
hole cut in the side of the shaft for 
holding the end of the stemple. 

Stopeing, in mining , cutting mineral 
ground with a pick, working down- 
wards. 

Stopping, a dam of bricks to turn 
the course of the air. 

Stopper-bolts, large ring-bolts drove 
in t he deck of a ship before the main- 
hatch ,for the use of the stoppers. 

Stories, in architecture. Palladio di- 
rects that the height of the story 
immediately above the principal 
floor be a sixth part less than that 
below ; and if there be an attic, 
or third story, it should be nine- 
twelfths of the height of that im- 
mediately under it. 

Stoup, an old English term for the 
holy -water basin placed at the en- 
trance to a church : it is applied also 
to a vessel for carrying about and 
distributing holy-water among a 
Roman Catholic congregation. 

Stowce, a small windlass : — pieces of 
wood shaped like a windlass, pi iced 
on the ground, in Derbyshire, to hold 
possession of the mine : a pair of 
stowces embrace a meer of ground. 

Straggling, a term indicating the 
mode of dressing the surfaces of 
grindstones. 

Straight Coal, in mining, an excava- 
tion made into the thick coal of 
South Staffordshire, having the solid 
coal left on three sides of it. 
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Strake, in ship-building , one range of 
planks fore and aft. 

Strap, in carpentry , an iron plate 
placed across the junction of two or 
more timbers, either branched out 
or straight, as may be found requisite, 
and each branch bolted or keyed 
with one or more bolts or keys, 
through each of the timbers, for the 
purpose of securing them together. 

Strap-work, a style of architectural 
ornamentation, representing a band 
or bands crossed, folded, and inter- 
lacing one and another. There exist 
specimens of it which must hare 
been executed as long ago as the 
eleventh century, but it was more 
general in the fifteenth and sixteenth 
centuries. 

Strass, or Mentz Flux, a glass used 
for the manufacture of artificial 
gems. 

Strata, in geology , layers of any 
mineral formation, such as rocks, etc. 

Straw, in mining ; a fine stiaw filled 
with powder, and used as a fuze. Its 
use is attended with much danger, 
and it is generally abandoned. 

Streamers, in mining, the persons 
who work in search of stream-tin. 

Stream-tin, in mineralogy , particles 
or masses of tin ore found beneath the 
surface of alluvial ground, and se- 
parated from the earthy matter by 
passing a stream of water over it: 
hence the name. 

Stream-works, the name given by 
the Cornish miners to alluvial de- 
posits of tin ore. 

Strength and stress of materials. 
The works of Barlow and Tredgold 
contain the moat useful information 
on these subjects. Barlow shows 
that there are four distinct strains 
to which every hard body may be 
exposed, and* which are, — 1st, a body j 
may be pulled or tom asunder by a 
stretching force, applied in the di- 
rection of its fibres, as in the case of 
ropes, stretcher^, king-posts, tie- 
beams, etc. ; 2ndly, it may be broken 
across by a transverse strain, or by 
a force acting either perpendicularly 
or obliquely to its length, as in the 
case of levers, joists, etc. ; 3rdly, it 
may be crushed by a force acting in 
the direction of its length, as in the 
case of pillars, posts, and trass-beams; 
4thly, it may be twisted or wrenched 
by a force acting in a circular direc- 
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tion, as in the case of the axle of a 
wheel. 

Stretchers, the bricks or stones lying 
lengthwise in the longitudinal direc- 
tion of the wall. 

Stretching-course, in brichwork and 
in masonry, a row or course in which 
the bricks or stones are placed with 
their longest faces exposed to view. 
The bricks or stones thus laid are 
called stretchers ; and those dis- 
posed with the ends outwards are 
called headers. 

Strigse, in ancient architecture 9 what 
are now called flutings. 

String, in mining , a small vein. 

Jn ship-building, the strake under the 
gunwale withinside, generally worked 
the same thickness as the sheer- 
strake, and scarfed in the same man- 
ner : the string and sheer-strake are 
bolted through a ship’s side. 

String-course, a narrow, horizontal, 
and slightly projecting course of 
brickwork or masonry in the wall of 
a building. 

Strontian Yellow, a pigment of a 
permanent light yellow colour, pre- 
pared from a solution of strontium 
and chromate of potash. 

Strontium, a metal bearing a close 
resemblance to barium. It was first 
found in Strontian, in Argyllshire. 
In burning it gives out a brilliant 
crimson flame, and this causes it to 
be extensively used in theatres. . 

Struve’s Ventilator for coal mines, 
a pneumatic apparatus invented by 
]Vlr. Struve, consisting of two vessels, 
somewhat like gas holders, which are 
moved up and down in water ; by 
this means the air is drawn from the 
colliery at any required rate. 

Stubelite, a brittle kidney-shaped, or 
encrusted, amorphous mineral ; it 
varies from velvet-black to pitch- 
black in colour ; found in the Island 
of Lipara. 

Stucco, in architecture , a composition 
of white marble pulverised and 
mixed with plaster or lime, but the 
ingredients vary ; it is employed 
commonly for facing exterior _ and 
interior works ; it is also sometimes 
used for floors. 

Stuck or Wolf’s oven, a furnace 
for the reduction of iron, at one time 
common in Europe, now little em- 
ployed. The interior of this furnace 
has the form of two cones united at 



STD* STYLES OF EARLY ARCHITECTURE IN ENGLAND. SDC 


their bases ; it is usually from 10 to 
16 feet high, 24 inches wide at bottom 
and top, and 5 feet at the centre. 
There are generally two tuyeres, both 
on the same side. The opening called 
the breast is closed after the furnace 
is heated, after which, charcoal and 
ore are thrown in, and the bla->t 
introduced. As soon as the ore 
passes the tuyere, iron is deposited 
at the bottom of the hearth : when 
this amounts to a ton, the blast is 
stopped, the breast wall removed, 
and the metal lifted out in a solid 
mass, or siilek, wulf ’ as it is called by 
the Germans. 

Studding-sails, in navigation , cer- 
tain light sails extended beyond the 
skirts of the principal sails in mode- 
rate steady bieezes ; named also 
* goose-wings.’ 

Studerite, a black fahl-ore occurring 
in the dolomite on Valais. 

Studies. In painting , these signify 
works which a painter undertake', 
to acquire a practical knowledge of 
his art and facility of execution. The 
term is also applied to the pads 
taken separately, which the artist 
afterwards transfers to the pictuie. 

S tulling-boxes, in a locomotive en- 
gine, those with recesses for admit- 
ting some soft material, such as 
white spun-yam, to render steam- 
tight any rod working through this 
stuffing or packing. The piston- 
rods, slide-valve rods, regulator- 
rods, and pump-plunger, all work 
through stuffing-boxes of this de- 
scription. 

Stull, timber placed in the backs of 
bevels and covered with boards, or 
small piles, to support rubbidi. 

Sturt, in mining : wlan a tnbutcr 
takes a pitch at a high tribute, and 
cuts a course of ore, he sometimes 
gets two, three, or live bundled 
pounds in two months : this great 
profit is called * a sturt.’ 

Styles of early Architecture in 
England. The several examples, 
usually denominated Gothic, are as 
follows : 1. The Anglo-Roman, 
which existed about <300 years. 
2. The Anglo-Saxon, about 450 
years. 3. The Anglo-Norman 
(which continued in use even on the 
introduction of the Pointed style), 
about 85 years. 4. Early Pointed 
(termed also the Lancet style and 


early English ), about 140 year?. 

5. The Pointed style (called by some 
pure Gothic), about 110 years. 

6. The Florid Pointed (termed also 
the Perpendicular ), about 140 years. 

7. The Tudor, Elizabethan," and 
Stuart. 

Stylobate, the substructure of a 
Greek temple below the columns, 
sometimes formed of three steps, 
which were continued round the 
peristyle ; and sometimes of walls 
raised to a considerable height, in 
which case it was approached by a 
flight of steps at one end. 

Sublimate, a body obtained in the 
solid state by the cooling of its vapour 
— e.g. sulphur, iodine, sal-ammoniac, 
mercuric chloride (corrosive subli- 
mate, etc.), protochloride of mercury. 

Subnitrate of Bismuth, the oid 
niagisterv of bwnuth often used as 
a co>metic, and it is employed medi- 
cinally. 

Subordination. Gradation. 
‘The separation of the parts of a 
whole from one another, namely, the 
height from the depth, the strong 
from the weak, the heavy from the 
light, the near from the distant, and 

the simple from the elaborate.’ 

In architecture , gradation goes 
hand in hand with the rules of pro- 
portion and perspective. In painting, 
gradation of colour and light is 
needed to express depth and relief, 
to define distances, and to show the 
state of the atmosphere.’ — Fairholt. 

Subtangent, in geometry , in any 
curve is the line which determines 
the intersection of the tangent in the 
axis prolonged. 

Subtense, in geomchy , the chord of 
an arch ; that which is extended 
under anything. 

Succedaneum, Mineral, a name 
given to an amalgam of silver foil, 
with a very small quantity of mer- 
cury, employed for filling decayed 
teeth. X.B. — It must be prepared 
at the time it is required for use, 
and with as little mercury as will 
sufiice to render the composition 
plastic. 

Suceinasphalt, a resinous substance 
resembling amber, obtained from the 
granular clay iron ore of Bergen in 
Bavaria. 

Sucker, in mechanics , the embolus or 

piston of a pump. In pneumatics* 
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a round piece of leather, which laid 
wet on a stone and drawn up in the 
middle, leaves a vacuum within, 
which, by the pressure of the atmo- 
sphere, makes it adhere. 

Suez Canal. The Isthmus of Suez 
Canal recently completed appears to 
have been an idea of ancient date, 
going back to about six centuries 
before the Christian Era. A canal 
to connect the Nile and the Red Sea 
was, it is recorded, undertaken by 
Necho and finished by Darius. 
There is little doubt that a canal 
was once made, extending from the 
Nile to the Bitter Lakes, which being 
filled with fresh water bv the rising 
of the Nile, was navigable for that 
portion of the year during which 
that river remained in flood. A 
smaller canal was continued from 
the Bitter Lakes to the Red Sea near 
Suez. These works were allowed to 
fall into decay, but they w r ere re- 
stored by the' Caliph Omar in G49, 
who,, however, carried the canal 
southward to Cairo, and it was called 
the Canal of Cairo. This canal was 
open until about a.d. 707, after 
which date we hear nothing more 
of it. M. Lepere made a survey of 
the old canal for Napoleon in 1799, 
but nothing was then done because 
of the withdrawal of the French 
from Egypt. Captain Cheney of the 
Indian army showed in 1830 the 
practicability of constructing this 
canal, and in 1845 an association 
was formed to carry out the work. 
In 1854 M. de Lesseps communicated 
his ideas to Said Pacha, by whom the 
project was warmly entertained. A 
commission composed of the princi- 
pal engineers of Europe was convened 
to examine the scheme, and they 
visited the district in 1855. In 
January 1850 they reported that 
the canal was easy of acconipli>h- 
ment at an estimated cost of about 
9,000,000/. A concession was shortly 
after given to M. de Lesseps for the 
construction of the canal, which was 
opened on November 17, 1809- 
The length of the Suez Canal is 
100 miles. Its course is from Port 
Said, on the Mediterranean, through 
Lakes Menzaleh and Ballah. It is 
then cut through some high ground 
at El Guisr ; between Lake Tims ah 
and Serapeum it passes through some 


high land, and then enters the low 
and swampy ground known as the 
Bitter Lakes. It passes again through 
high ground at Chalouf, and from 
thence by deep cuttings to Suez. 

The total expenditure on the canal 
has been about eighteen million 
sterling, but if the value of the plant 
can be realised, this will be materi- 
ally reduced. 

Sugars. Under this name are in- 
cluded a number of organic com- 
pounds, mostly of vegetable origin, 
which are soluble in water, mostly 
crys tall is able, have a sweet taste, anti 
neutral reaction to vegetable colours, 
and in the state of solution rotate the 
plane of vibration of a ray of polar- 
ised light. They may be divided into 
fermentable or true sugars, and non- 
ferinentable sugars or saccharoids. 

Sugar Maple, a tree which grows 
wild in Noith America; the stem 
yields a sugar the same as that of 
the sugar-cane. In early spring the 
trees are pierced, and the juice which 
flows out is collected in vessels, then 
boiled at once (if allowed to remain 
long before boiling it ferments and 
is of no use for making sugar). It 
is boiled until the syrup is the con- 
sistency of honey, and allowed to 
stand for several hours, then clarified 
with the white of egg, and again 
boiled and skimmed, after which it 
is quickly evaporated to a crystallis- 
ing point. 

Sulphate of copper (blue vitriol), 
in chemistry , a metallic salt, a com- 
pound of sulphuric acid and copper. ® 

Sulphate of iron (copperas or green 
vitriol), in chemistry , a metallic salt, 
a compound of sulphuric acid and 
iron. 

Sulphate of lead, a salt of lead— a ( 

combination of oxide of lead with ' 

sulphuric acid. A white precipitate 
of lead much resembling the bhmc 
d'argent, when well prepared, quite 
neutral, and thoroughly edulcorated 
or washed, it has most of the pro- 
perties of the best white-leads, but 
is rather inferior in body and per- 
manence. 

Sulphate of lime (gypsum, etc.), in 
mineralogy , a compound of sulphuric 
acid and lime. 

Sulphate of zinc (white vitriol), in 
chemistry, a metallic salt, a compound 
of sulphuric acid and zinc. 
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ulphates, saline compounds of 
sulphuric acid with oxidised bases, 
ulphites, a class of salts consisting 
r* of sulphurous acids combined in 
equivalent proportions with the 
oxidised bases. 

Sulphur, a simple combustible sub- 
stance found native in a loose pow- 
der, either detached or in veins. It 
is met with in the neighbourhood of 
volcanoes, where it is deposited as a 
crust on stones contiguous to them. 
It can be prepared by exposing iron 
pyrites to heat, when part of the 
sulphur is driven oft* in vapour, and 
may be collected in water : when 
vaporised, it condenses in small crys- 
talline particles, called flowers of 
sulphur. It is inflammable, burning 
slow with a pale blue flame. Sulphur 
is found in connection with silver, 
copper, lead, antimony, and iron. 
Sulphur occurs, in nature, crystal- 
lised in acute octohedrons with 
rhombic bases. It is principally 
brought to this country from Si* ily. 
Sulphuret of hydrogen. This gas, 
commonly known as sulphuretted 
hydrogen,is invaluable as a re-agent. 
In separating one class of metals 
from another, some are not pre - 1 
cipitattd by it from acid solutions 
but are only acted upon by it in 
alkaline solutions. 

Sulphurets of iron. — Iron has a 
very great affinity for sulphur : 
there are five definite compounds of 
these substances. It is very difficult 
to separate iron from sulphur by 
heat alone. Of the five different 
compositions, two only de-rrvo at- 
tention, — the white and }< llo\v sul- 
phurets. 

White sulphuret of iron (iclutc 
pyrites) abounds in coal-bed**, and 
in the accompanying strata of clay ; 
also in regular veins along with 
ores of lead, copper, and iron, in the 
transition rocks. Before the flame 
of the blow-pipe, it becomes red ; 
upon charcoal, the sulphur is eva- 
porated, and oxide of iron remains. 
It is very liable to decompoMtion : 
it is preferable to the yellow kind 
in the manufacture of copperas, 
and is, in coal-mi nes the most dan- 
gerous of any, as it often decom- 
poses so quickly as to kindle the 
coal-slack. Its composition is, in 
100 parts. 


45*07 iron. 

53*35 sulphur. 
9*58 manganese. 


99*00 white pyrites. 

Yellow sulphuret of iron, (yellow 
pyrites ). — This variety becomes red 
before the blow-pipe ; and in the 
reducing flame it melts into a 
globule, which coniinues red-hot for 
a short time, and possesses, after 
cooling, a crystalline appearance. 
In nitric acid it is slowly soluble, 
with the precipitation of sulphur, but 
in no other acid. It is composed of 
47*30 iron. 

5'2 70 sulphur. 


100*00 yellow pyrites. 

Yellow pyrites is almost identical 
with the white pyrites, and the 
latter appears to be only different in 
containing more foreign matter : 
both are widely diffused among the 
ore& of iron, and are found in mas- 
sive nodule*, crystals, and veins, in 
the coal-beds clay-slate, grauwacke, 
greenstone, limestone, and in beds of 
primitive slate. It is the main 
material which is used for manu- 
facturing copperas, alum, oil of 
vitriol, Spanish brown, and sulphur. 

Sulphurs, impressions taken by the 
gold-ninths of the sixteenth century 
fiom the engravings executed on 
plate, paxes etc., and which they 
obtained bv spreading a layer of 
melted sulphur on the face of the 
plate, producing a cast in relief of 
the lines engraved. Some few of 
these proofs exist in the British and 
Continental Museums, and are 
known as sulphurs. They arc 
amongst the rarest specimens con- 
nected with the art of engraving. 

Sulphuric Acid, a heavy colourless 
liquid obtained by burning a mix- 
ture ot "iilphur and nitrate of potass, 
in definite quantities. 

Summer, a horizontal beam or girder. 

Sump, in mining, a pit sunk in the 
engine-shaft below the lowest work- 
ings. 

Sump-shaft, the engine-shaft. 

Sun-beam. Ligiit, heat, and chemi- 
cal action are distinct phenomena 
observable in a beam of the sun. 
Upon Light depend all the phenome- 
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na of vision. No object is sensible to Light and Heat are at their minimum 

sight unless it reflects from its sur- of power, there chemical action is 

laces luminous rays to the eye. All very decided. This, therefore, proves 

colour is directly dependent upon that the sun-beam is a compound of 

the properties of matter, and the three principles or powers, LLdit 

power ot decomposing a ray of light. Ileal, and Chemical Power, or, as it 

Led objects have the power of send- has been named by the Editor of 

mg back from their surfaces the red this Dictionarv, Actinism ; — a name 

rays in large quantity. Blue objects now generally adopted.— Li<dit, upon 

m the same way reflect the blue lays. which the phenomena of vision de- 

11 a ray of the sun is passed pends, and to which colour is due • 

through a triangular piece of glass, Heat, that regulates all that relates 

a prism, we obtain a very beautiful to the temperature of the world, or- 

flame-like image of different colours, ganic or inorganic j and Actinism 

a prismatic spectrum ; these colours upon which depend all the phono- 

h'; in g the result different degrees niena rendered sensible bv the plio- 

or refraction, or bending. They are tographic processes, and also in its 

in their order of refraction : red, producing chemical changes in bodies 

orange, yellow, green, blue, indigo, exposed to sunshine, 

and violet, and a careful oxamina- Sun and Planet wheels, an ar- 
tmn adds two other rays, namely, at rangement made by Watt for subs ti- 
the red end a crimson ray. and at tutmg the common crank, 

the violet end a gray or lavender Sun Opal, the name of the fire opal, 
ray. These are the rays colouring v.luclulisplavs bright red reflections. 
aU nature, or the works of art. lie- Sunstone, a varictv of felspar of a 
yond these there are other rajs pale yellowish colour, found in l 

affecting the sense of vision. If the Siberia. It is almost perfectly i 

spectrum is thrown upon a solution tian^parent when viewed in one * 

of quinine, upon fluor spar, upon direction, but by reflected light it 

uranium glass, and some other sub- appears full of minute golden 
stances some peculiar blue and green spaimles. 

rays are rendered sensible to sight ; Supercilium, the transverse ante- 
these are known as fluorescent ray*, pagment of a doorway. The word 
and appear to be the rays by which i-> aho u-cd to denote the small fillets 

the night-roaming animals sec and or bands above and below the scotia 

seize their prey. Such are the lumi- of the Ionic base, 
nous phenomena of a sun-beam. Superficial Measure, the measure of 
The Heat derived from the sun surfaces or areas also square mea- 

belongs to another set of rays. If sure. 

thermometers are placed in tlio^e Superficies, in geometry, the surface 
differently coloured rays, it is found of any body or figure, considered aa 
that the most heat exi-ds in the po^sv-Miig two dimensions, or exten- 

extreme red rav, and that it ex- sion in length and breadth, but 

lends below it, where there is no destitute of thickness: in mensura - 

light. The heat gradually diminishes tion, it is estimated as area. 
until in the violet ray no further Superheated steam, steam to which 
heat is indicated. Thus we have a an additional quantity of heat has 

heat spectrum the rays of which are been given. In practice it appears 

not conn ident with the i ays of the to be found that no advantage is 

light spectrum , the maximum of gained by heating steam above 315° 

heat being at a point far removed Fahr. 

from the maximum of light. The Supporters, in heraldry , figures , 
Chemical power of the sun-beam is standing on a scroll and placed'by ( 

shown by allowing the spectrum to the escutcheon, such as the lion and 

tail upon a sheet of paper covered the unicorn in the British, and the 

with the chlonde of silver. It will angels in the French arms. In 

be found that where there i-< the ship-budding, the knee-piece under 

most light, and where the maximum the catlu ad. 

heat exists, there is not the slighted Surbase, the upper ha-e of a room, 
indication of any change, but wheie the cornice of the dado. 
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ireoat, a garment usually of silk, 
forming the equipment of a knight 
or herald. It was originally used to 
protect the armour from wet. 

Surface condensation, a method of 
condensing steam by means of cold 
metallic surfaces like those of a still. 
Sea water is thus condensed, and the 
water, free from salt, used to supply 
the boilers. 

Surmarks, in ship-building , the sta- 
tions of the ribbons aud liarpings 
which are marked on the timbers. 

Surmounted, in architecture., a term 
used to denote an arch which rises 
higher than a semicircle. 

Surturbrand, a fibrous brown coal 
or lignite found in Ireland. 

Survey, Geological. A geological 
sur^y is carried out by taking a well- 
constructed map (in this country the 
Ordnance Trigonometrical Survey 
Map is adopted), and marking upon 
it the boundaries of all the different 
rock formations, the dip of the strata , 
the dislocations, or faults, as far as 
they are known, the run of mineral 
lodes, and every other matter which 
may prove useful to the miner, the 
engineer, the well-sinker, or the gene- 
ral public. 

Surveying is the art of applying the 
principles of geometry and trigo- 
nometry to the measurement of land. 
The principal operations are laying 
down or driving base lines, and 
triangles on either side of the ba^e. 
In large surveys it is desirable to 
lay down these triangles by measur- 
ing each angle with an instrument 
called the theodolite , by which the 
accuracy of the measurement of the 
sides may be checked. The theodo- 
lite is also available in fixing the 
true position of points, the distances 
between which are immeasurable, 
owing to the intervention of build- 
ings, rivers, or other obstacles. 
Rectangular or irregular areas of 
land are similarly reduced to tri- 
angles, and their exact position 
referred to a base line. In driving 
lines over land, three long poles aie 
requisite : these are ranged in the 
direction of the iutended line at the 
greatest distance at which they can 
be seen, either with the naked eye or 
with the assistance of a telescope, 
aud driven firmly into the ground. 
Intermediate stakes are then fixed, 


by which the line is marked out. In 
proceeding onward to extend the 
line included between the front and 
back pole, the latter only is removed, 
and carried before the front pole to 
the greatest practicable distance, 
and being ranged by the two remain- 
ing poles, is there driven. Thus the 
middle pole becomes the back one, 
and is in like manner removed to the 
front, and there ranged and fixed: 
and in this manner, by successively 
removing the back pole, and convey- 
ing it to the front, the line is ex- 
tended as far as necessary. These 
poles should be as light as possible, 
consistent with strength, and shod 
with iron points, to facilitate driving. 
On the top of each pole a flag or disk 
is fixed, to render them conspicuous 
from a longdistance. Distances arc 
measured with a chain formed of 
wire links, the length of the chain 
being GO feet, and formed with 100 
links, each link measuring 7*92 
inches. The end of each chain is 
marked by driving a wire pin or 
arrow into the ground, by counting 
which the number of chains mea- 
sured is ascertained. The base lino 
being thus driven and measured, it 
is recorded in a book, and all inter- 
sections of fences, etc., marked, and 
their relative distances on the base 
aie entered. A distant point on 
either side of the base is then deter- 
mined, and a pole erected upon it, 
and the distance of this point from 
two lixed points upon the base mea- 
sured with the chain, and duly 
recorded. By this means, a triangle 
is completed, and afterwards cor- 
rectly filled in with all intervening 
fences, etc. ; and b}* repeated processes 
of this kind the survey is extended 
to any required distance on each 
side of the base. If the triangles 
first laid down are of great extent, 
they should be determined, and the 
position of their angles ascertained 
with the theodolite. This instru- 
ment consists of a pair of horizontal 
circular plates, the upper of which 
is called the vernier plate, turning 
freely on a centre upon the lower 
plate, the edge of which is chamfered 
off, and accurately graduated with 
degrees and subdivisions. By these 
plates and their adjusting screws, 
etc., ncrizontal angles are measured, 
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the sight of the surveyor being 
aided by a powerful telescope on the 
upper part of the instrument, and a 
microscope to read off the gradua- 
tions upon the vernier. An upper 
frame which carries the telescope 
also supports a vertical arc or semi- 
circle, which is likewise graduated, 
and with the aid of another micro- 
scope the elevation of any high 
object, as a tower, etc., (observed 
through the telescope) may be cor- 
rectly read off. This part of the 
apparatus thus enables vertical an- 
gles to be measured, and by the 
application of trigonometry, heights 
or distances may be thus exactly 
determined without the .actual mea- 
surement of all the lines in each 
vertical triangle. 

Suspension, in mechanics , as in a 
balance, are those points in the axis 
or beam where the weights are ap- 
plied, or from which they are sus- 
pended. 

Suspension Bridges. Bridges of 
suspension are of several kinds and 
of various dimensions, consisting of 
several iron chains, not formed of 
small links, like cables, but of whole 
bars of iron jointed at their ends, 
passed over a tower, being the access 
to the bridge on each side of the 
river, while their extreme ends 
are firmly attached to large and 
ponderous stones that are sunk 
a great depth into the ground on 
each side of the stream. These 
masses of masonry are named abut- 
ment*. The chains hang in parallel 
festoons over the river, between the 
supporting towers, and carry a num- 
ber of vertical bars of iron that are 
attached to and hang down from 
them for the purpose of suspending 
beams of wood or iron hanging hori- 
zontally in the direction of, or ob- 
liquely to, the stream, and serving 
as joists to support a strong planked 
platform or roadway that extends 
across the river : frequently these 
roadways are paved, or at lea^t 
gravelled or ballasted over for horsey 
carriages, and pedestrians. Extra- 
ordinary examples exist in OHr coun- 
try, viz. that at Bangor, crossing the 
Menai Strait, by Telford,— that at 
Hammersmith, by Tierney Clark,— 
that of Hungerford, bv Brunei, now 
erected at Clifton; but the mo>t 
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extraordinary structure is the 
stupendous work by Tierney Clark, 
uniting Pesth with Buna, in Hun- 
gary. Mr. Dredge has constructed 
several smaller bridges of susp ensio n? 
according to his arrangement, 
in England and Scotland. Suspen- 
sion bridges have been constructed 
also with wire as a material at Fri- 
bourg, in Switzerland, and at other 
places. 

Sussex Marble, thin bands of shelly 
limestone, principally composed of 
the remains of freshwater snails, a 
species of Paludina ; it is of a uni- 
form bluish or grayish-green tint, 
the sections of the chambers of the 
shells giving it, when polished, a 
pleasing appearance. This stone 
occurs in Sussex from whence it takes 
its name ; it was much used in former 
times for sepulchral monuments. 

Swages, tools employed in shaping 
metals. 

Swallow, in mining , hollow places in 
the rock often filled with water; 
openings in the rock through which 
the water flows into subterranean 
channels. Swallows are common 
in the limestone. 

Swallow-tail joint, the name given 
to the dove-tail joint on the Conti- 
nent. Queue d'hirondellc. 

Swash-plate, a flat circular plate 
fixed on an axis but not perpendicu- 
lar to it, upon which a bar presses 
and receives a reciprocating motion. 

Swaugh, in mining , a mass of soft 
clay sometimes occuri ing in the lode, r 

Sweep, or Tiller-sweep, a circular 
plank fitted to support the foremost 
end of the tiller, or handle of a rud- 
der, much improved by conveying 
the tiller-rope round it,* and keeping 
it always tight. 

Sweep-washer, the person who ex- 
tracts from the sweepings, potsherds, 
etc., of refineries of silver and gold, 
the small residuum of precious 
metal they contain. 

Sweet-flag, the A corns calamus, an 
aromatic plant comuurti in this 
country in merit places . 7 

Swimming Stone, Float Stone, a 
spongy vaiietv of silica. 

Swivel, in mechanics, something fixed 
in another body so as to urn round 
on it ; a kind of ring ma le to turn 
round in a staple or rther ring. 
In artillery , a wry snail cannon, 
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which carries a shot of about half a 
pound. 

Sycamore, a species of Ficus, or fig- 
tree, common in Egypt and other 
parts of the East ; its timber is of 
little value. The name is also ap- 
plied to a species of maple, the Acer 
Pseudo-Flatanus , a native of the 
middle and south of Europe, but 
common in England. The colour of 
the young wood is silky white, and 
of the old, brownish white ; the 
wood of the middle age is interme- 
diate in colour, and the strongest. 
It is used in furniture, pianofortes, 
and harps, and for the superior kinds 
of Tunbridge ware. Sycamore may 
be cut into very good screws, and is 
used for presses, dairy utensils, etc. 

Syenite, or Sienite, a granular, ag- 


gregated compound rock, consisting 
of felspar, quartz, and hornblende. 
It was obtained by the ancient 
Egyptians from Syene in Upper 
Egypt- 

Syenitic, any granitic rock in which 
hornblende predominates. 

Sylvanite, a valuable ore of gold and 
silver found in narrow veins travers- 
ing porphyry, in Transylvania and 
North Carolina. 

Symbols, signs adopted by chemists 
to indicate the simple elements, or 
the combinations of them forming a 
compound body. 

The following table gives all the 
symbols of the elementary bodies, 
and for convenience on reference, the 
atomic weights are added. 


Name. 

Symix)ls. 

Atomic 'Weights. 

Aluminium 

AI. 

10-75 

Antimony .... 

Sb. 

120-3 



1-22 

Arsenic ...... 

As. 

75 

Barium .... 

Ba. 

08-C 

Bismuth 

Bi. 

210 

Borax 

B. 

11 

Bromine 

Br. 

80 

Cadmium 

Cd. 

50 

Cassium 

Cs. 

124 

Calcium 

Ca. 

20 

Carbon ...... 

C. 

12 

Cerium 

Ce. 

46 

Chlorine 

Cl. 

35*5 

Chromium 

Or. 

20-2 

Cobalt ... . 

Co. 

29-5 

Columbium, or Niobium 

Cb. 

97-0 

Coppr/J (Cuprum) .... 

Cu. 

31*7 

Didvmium 

Di. 

48 

Erbium 

E. 

— 

Fluorine 

F. 

19 

Glucinium 

Gl. 

f 4 ’ 7 

( 7*0 

Gold ... ... 

An. 

190 

Hydrogen . .... 

II. 

1 

Indium 

In. 

— 

Iodine 

i. 

127 

Iridium 

Ir. 

9<S*G 

Iron .... . . 

Fe. 

28 

Lanthanium 

La. 

40 

Lead (Plumbum) 

Pb. 

103-6 

Lithium . ... 

Li. 

f 

I 7*0 

Magnesium . ... 

Mg. 

1 1*7 

Manganese ..... 

Mn. 

27-0 


x 2 
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Name. 

Symbols. 

Atomic Weights. 

Mercury 




Hg. 

100 

Molybdenum 




Mo. 

f 40 

X 48 

Nickel 


. 


Ni. 

f 29 
( 29-o 

Niobium, see Columbiuin 






Nitrogen 




N. 

H 

Osmium . . 




Os. 

100 

Oxygen . , 


. 


0. 

10 

Palladium . 




Pd. 

53 

Phosphorus . 




P. 

31 

Platinum . 


. 


Pt. 

99 

Potassium (Kalium) . 




K. 

( 39 

1 39-2 

Rhodium 




Rh. 

101 

Rubidium . 




Rb. 

854 

Ruthenium 




Ru. 

101 

Selenium - 




Se. 

79 

Silicon 




Si. 

28 

Silver (Argentum) . 




Ag. 

108 

Sodium (Natrum) 




Na. 

23 

Strontium . 

Sulphur 




Sr. 

S. 

43-8 

32 

Tantalum . 




Ta. 

87’G 

Tellurium . 




Te. 

128 

Terbium 




Tr. 



Thallium . 




Tl. 

204 

Thorium 




Tb. 

59‘5 

Tin (Stannum) 




Sn. 

f 110 
( 118 

Titanium . 



. 

Ti. 

' 50 

Tungsten or Wolframium 




Tn. or W. 

92 

Uranium 




u. 

GO 

Vanadium . 




V. 

G8-5 

Yttrium 




Y. 



Zinc .... 




Zn. 

32 ’5 

Zirconium . 




Zr. 

f 33*5 
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Symmetry, in sculpture , etc., adapta- 
tion of parts to each other ; propor- 
tion ; harmony ; agreement of one 
part with another. 

Sympathetic Inks, liquids which 
when they dry upon paper are nearly 
colourless, but which can be revived 
in colour by some reagent or some 
process. If we write with muriate 
of cobalt it dries colourless, it re- 
mains a hydrated salt of cobalt, if 
the paper is held in front of the fire 
it is dehydrated and becomes blue. 
Even lemon juice or milk may be 
used as sympathetic inks, and a con- 


siderable number of chemical sub- 
stances may be so employed. 

Sympiesometer, a barometrical in- 
strument in which the atmosplierh * 
pressure is indicated by the asceff 
of a column of oil in a short gl.J 
tube against the elastic pressures 
an enclosed volume of hydrogen gS _ 
Its indications require correction' 
for the changes produced by tem- 
perature on the gas. The Sym- 
pie&ometer is a more delicate instru- 
ment for measuring the atmospheric 
pressure, but it is also a more 
complicated one, than the mercurial 
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barometer. The upper part of the 
tube contains hydrogen gas, which is 
elastic ; and the lower part, includ- 
ing the well, contains oil. By this 
compound construction, whilst the 
length of the tube is less than that 
of the mercurial barometer, the 
index, or scale for measuring the 
pressure, is increased. Hydrogen 
gas being very sensibly affected by 
all changes of temperature, the index, 
by which the atmospheric pressure is 
read, requires to be set accoiding to 
the actual temperature, before the 
atmospheric pressure can be read off. 

Synagogue, a word which primarily 
signified an assembly, but, like the 
word churchy came at length to be 
applied to places in which any as- 
semblies, especially those for the 
worship of God, met, or were con- 
vened. Jewish synagogues were not 
only used for the purposes of divine 
worship, but also for courts of judi- 
cature. The present ordinary mean- 
ing of the term synagogue is a Jewish 
church. 

Synaptase, a ferment found in al- 
monds. It changes amygdalin into 
oil of bitter almonds, formic acid, 
prussic acid, and sugar. 

Synchronism, the occurrence of two 
or more events at the same time ; 
or the representation of two or more 
events relating to the same subject in 
one picture. 

Syndoche. ‘An ornamental recep- 
tacle beside the altar, to receive the 
sacred vessels and consecrated wafer.’ 
— Fair holt. 

Synthesis, a Greek word signifying 
combination, applied to the chemical 
action which unites dissimilar bodies 
into a uniform compound ; as sul- 
phuric acid and lime into gypsum, 
or chlorine and sodium into culinary 
salt. 

Syphering, in ship-building, lapping 
one edge of a plank over the edge of 
another for bulk-heads, making the 
edges of the planks and the sides of 
the bulk-head plain surfaces. 

Syphon, a bent tube, having one leg 
shorter than the other. It acts from 
the pressure of the atmosphere being 
removed from the surface of a fluid, 
which enables it to rise above its 
common level, and is used for the 
purpose of emptying liquors from 
caslb, etc. 


Syringe, a small hand-pump : in its 
simplest form, it is provided with a 
piston and rod, but is destitute of 
valves, one simple aperture at the 
extremity serving for the admission 
and ejection of fluid : those con- 
structed with valves, however, are 
available, on a smaller scale, for all 
the purposes of an air-pump. 

Systyle, a term applied to a building 
in which the pillars are closely placed, 
but not quite so close as in the pyc- 
nostyle, the intercolumniation being 
only two diameters, or four modules, 
of the columns. 
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Tabasheer, a siliceous concretion 
resembling bydrophane, which is 
found in the interior of the stem of 
the large Indian bamboo. It is re- 
garded by the Orientals as a valuable 
medicine* known by the several 
names of bamboo-milk, bamboo-cam- 
phor, and bamboo-salt. 

Tabby, watered silk used by book 
binders, the effect of waves produced 
by pressure of the silk in a damp 
state after being sprinkled with 
water, a corruption of the French 
word tapis, whence tabbinet , a more 
delicate kind of tabby, produced in 
calendering from engraved rolls, the 
pressure from which gives the ap- 
pearance of waves to the silk. A 

mixture offline, gravel, shells, stones, 
and water in equal proportions, 
which when dry becomes as hard 
and compact as stone, and is used on 
the southern shores of the Mediter- 
ranean as a substitute for bricks or 
stone in building, and, till recently, 
was also employed for the same pur- 
pose in Georgia, in the United States 
of America. 

Taberd (Saxon), a jerkin, a coat 
without sleeves ; also, a herald’s 
coat. 

Tabernacle, a movable fabric: 
among the Jews, the name of a 
portable temple which was con- 
structed in the Wilderness : the 
461 
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term is also applied in Christian 
architecture to richly ornamented 
niches. 

Table, in architecture , a smooth, simple 
member or ornament of various 
forms, but most usually in that of a 
long square. 

Table or Tablet -mouldings, hori- 
zontal bands or mouldings, such as 
base-mouldings, strings, cornices, etc. 

Tables were in the Tudor age usually 
described as 4 hordes,* and were not 
in any great variety : the sorts were 
but few, and little distinguished by 
workmanship ; but the splendour of 
their coverings amply compensated 
for the rudeness and simplicity of the 
works so concealed. The most 
elaborate embroidery, wrought on 
the finest grounds, velvets and satins 
fringed with gold and silver, Turkey 
carpets, and the choicest tapestry, 
were used as table-covers. 

Table-cloths. Carpets were at the 
earlier periods almost the only cover- 
ings for tables ; naping was possessed 
by the higher orders only. In 1520, 
Thomas, Duke of Norfolk, be- 
queathed his napetie to his wife. 

' Modern coverings are well known. 

Table Diamond, a diamond with two 
principal faces or tables. 

Tabling, in ship-building, letting one 
piece of timber into another, in the 
same manner as the beams are put 
together. 

Tablinum, an apartment of a Homan 
house which was entered imme- 
diately from the atrium, and in 
which records were preserved in 
cases, and the hereditary statutes 
placed. 

Tabular Spar, or Tabular Quartz, 
Wollastonite, native silicate of 
calcium or popularly silicate of 

lime. 

Tacamahae, a resin which exudes 
from the bark of the Elaphrium to- 
mentosum and E. excelsum , trees in- 
digenous in Mexico; this is called 
the West Indian variety; and also 
from the bark of the Calophyllum 
innphyllum , a tree growing in the 
East Indies, and is called the East 
Indian variety. It was formerly 
used for fumigation and for plasters ; 
it has a pleasant lavender-like smell, 
and an aromatic taste ; it varies in 
colour from yellow to orange and 
even red. 
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Tachometer, an instrument for mea- 
suring the velocity of machines by 
means of the depression occasioned 
in a column of fluid by centrifugal 
force, which causes the* fluid in Ifoe 
cistern (with which the graduated 
column is connected) to sank in the 
centre more and more' with every 
increase of velocity./ Thus the 
graduated column galls on the 
scale as the velocity augmented, 
and rises as the velocity is dimi- 
nished. \ 

Tack, in navigation / to change the 
course or turn about a ship, during a 
contrary wind from the sta^oard to 

the larboard, etc. A rope used to 

confine the clues of the main and 
fore courses forward, occasionally in 
a fixed position : it has a large wall- 
ki at at one end. The word has also 
various other applications. 

Tacks, in navigation , the foremost 
lower comer of all fore and aft 
sails. 

Tacking, in navigation , signifies a 
manoeuvre by which a ship makes 
an oblique progression to windward 
in a zigzag direction, named also 
‘ beating to windward.* 

Tackle, in mining , the windlass, rope, 
and kibble for raisir/fores. 

Tael, Chinese money of the value of 
6s. 2d. 

Teenia, the band or fillet surmounting 
the Doric epistylium. 

Taffeta, Taffety, a silk stuff. 

Taffrail,the carved work at the upper 
part of the stem of a vessel, the ends 
of which correspond with the quar- 
ter-pieces. 

Ta-hong, a lead-glass containing fer- 
ric oxide, used in China as a red 
enamel colour on porcelain. 

Tail or Tails, the streaks of slime left 
from the stamped ore, passed over a 
round or square huddle. 

Tail-water, the waste water dis- 
charged from the buckets of a water- 
wheel in motion. 

Talbotype, a photographic process 
also called Calotype , invented by Mr. 
Henry Fox Talbot. (See Calotype.) 

Talc, a mineral genus, which is divided 
into several varieties. It is often 
found massive, disseminated in 
plates, imitative, or crystallised in 
small six-sided tables ; it is splend- 
ent, pearly, or semi-metallic, trans- 
lucent, flexible, but not elastic. It 
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is used to a great extent as a cover 
for gas-jets, when the latter are 
placed in dangerous proximity to 
the ceiling. 

Talmi gold, sometimes called Abys- 
sinian gold. A yellow metal consist- 
ing of 90-74 parts of copper and 8*33 
of zinc, is covered with a very thin 
sheet of gold by rolling the metals to- 
gether and afterwards shaping it by 
means of steel tools, the amount of 
gold varying from 1*03 to 0*03 per 
cent. 

Talus, in architecture , the inclination 
or slope of a work, as the outride 
of a wall, where its thickness is 
diminished by degrees as it rises in 
height. 

Tambac, or Tombac, an alloy of 
copper and zinc, or a species of brass 
with an excess of zinc. When 
arsenic i3 added it is called white 
tombac. 

Tamp, To, to fill up the hole bored 
for blasting. 

Tamping, in mining, the mateii •!, 
usually soft stone, placed upon the 
gunpowder, in a bore-hole, to con- 
fine its force, which would otherwise 
pass out of the hole ; also the pro- 
cess of placing the material. 

Tamping-iron, a tool used for beat- 
ing down tne earthy substance in 
the charge used fur blasting. 

Tanah-ampo, a plastic earth. In 
Java, where it is found, it is dried 
over charcoal fires and eaten as a food 
by the natives. 

Tangent, in geometry, a right line 
perpendicularly raised on the ex- 
tremity of a radius, which touches 
a circle so that it would never cut 
it, although infinitely produced, or, 
in other words, it would never come 
within its circumference. 

Tank, that part of the tender of a lo- 
comotive engine which contains the 
water : tanks vary in size, according 
to the power of the engine to which 
they are attached, and are from 
about 500 to 1,G00 gallons in capa- 
city. 

Tannin or Tannic Acid, the prin- 
ciple of astringency in vegetables, 
used in the process of tanning, and 
in photography. 

Tantalite, a mineral found in Finland ; 
an oxide of tantalum, usually com- 
bined with a little tin, iron, and man- 
ganese. 


Tantalum, a very rare substance 
found in the minerals tantalite and 
yttro-tantalite. 

Tap, in mechanics , a hardened steel 
screw with a square bead, so that it 
may be turned by a wrench : it is 
grooved from end to end, and is also 
slightly tapered : it is used for cutt- 
ing an internal screw, as that of a 
nut, etc. 

Tap -cinder, the slag produced in the 
process of puddling iron. 

Tap-hole, the hole in the puddling- 
furnace ‘through which the slag, 
technically termed “ tap-cinder,” is 
let out, and which during puddling 
is stopped up with sand.’ — Percy. 

Tapia, beaten cob work. Hammed 
earth of ancient blast furnaces. 

Tap-waggon, ‘ small hopper-like 
boxes, made of wrought-iron, on 
wheels, placed under the tap-hole 
during tapping to receive the molten 
cinder.’ — Percy. 

Tap-wrench, the handle for turning 
a wrench. 

Taper, a gradual diminution in the 
size of a body, so as to form a wedge 
or cone. 

Taper-chain bridge, a suspension 
bridge invented by Mr. Dredge. 

Tapestry or Arras, described as 
‘ hangings,’ enriched the walls of 
superior apartments from very early 
times : the most ancient tapestry 
now existing is preserved in the 
church of Bayeux. in Normandy, 
and exhibits an entire series of the 
circunibtances attending William the 
Conqueror’s descent in England 
The arras was loosely hung in pro- 
jecting frames, by tenter-hooks 
across the walls, covering the whole 
surface from the floor to the ceiling 
and was removable from one resi- 
dence to another. The most costly 
materials were employed in the 
fabrication of the best sort of hang- 
ings. The apartment of Henry VIII. 
at" Calais, whither he was accom- 
panied from Boulogne by Francis I. 
in 1520, was hung with cloth of 
gold, adorned with precious stones 
and pearls. 

Tapi.sh.ed, in mining , a miner whe 
narrowly escapes suffocation from 
damp in a mine, is said to be taj>- 
ished. 

Tappet-motion, the apparatus for 
working the steam-valve of a Cor- 
4G3 
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nish steam-engine, consisting of le- 
vers connected to the valves, moved 
at proper intervals by tappets or 
projecting pieces fixed on a rod con- 
nected to the beam. 

Tappets, or Wipers, teeth on the 
circumference of a wheel for lifting 
a forge hammer or the like. 

Tapping, in metallurgy , the operation 
of opening a blast-furnace to allow 
the molten metal to flow out of it 
into the sand moulds formed into 
channels ( sows and pigs) to receive it. 

Tar, a brown-black, viscid, oily liquid 
produced, together with gaseous and 
watery product in the dry distilla- 
tion of organic bodies and bitumi- 
nous minerals. It has generally an 
unpleasant and sometimes a highly 
fetid odour ; and is a mixture of 
various substances, acid, neutral, and 
alkaline, varying in composition ac- , 
cording to the nature of the original j 
body, and the temperature applied 
in distillation. Tar obtained from 
vegetable substances has an acid re- 
action, but coal-tar and the tar of 
animal substances are alkaline. 

Tarpaulin, canvas imbued with tar. 

Tarsia, Tarsiatura, inlaid wood- 
work : it was much u«cd in the 
fifteenth century for architectural 
decorations. The designs were gene- 
rally buildings represented in per- 
spective : woods of various colours 
were used to produce the effect of 
light and shade; if the natural tint- 
ing of the wood failed to produce 
the desired effect, artiiicial colouring 
was adopted. 

Tartan, a small coasting vessel of the 
Mediterranean, with one mast, a 
bowsprit, and a lateen sail. 

Tartar, the name of the tartrate of 
potash formed in wine-making. (See 
Argol .) 

Tasajo, salted beef as prepared in 
Buenos Ayres and Monte Video. 

* But let it be understood that the 
fresh chargin. manufactured from 

. the mountain cattle of Chile, of fibre 
and not fat, is quite a distinct thing 
from the salted tasajo of La Plata, 
with its rancid fat, produced on the 
marshy plains.’ — ‘ Society of Arts 
Journal, 7 March 31, 1865. 

Tasmanite, a combustible mineral 
found in Tasmania ; it is similar to 
Drysodile. 

Taste in the soap, when it gives a 
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caustic sharpness on being applied te 
the tongue. 

Taunt, a sea term, signifying'too high 
or tall, as the mast of a ship. 

Taunus slate, a clay-slate found ir 
the Taunus range in the west of Ger- 
many, and at Gollnitz in Hungary. 
It is of a violet-grav -colour, and has 
a silky iridescence. 

Tawing, the process of preparing the 
white skins of the sheep, doe. etc. 

Tcha-lan, a blue powder, used by the 
Chinese for the production of blue 
colours on porcelain. It contains 
copper. 

Tchingtchang, a name given by the 
Chinese to a dark variety of Lapis- 
Lazuli, in which spangles of iron py- 
rites are disseminated. It is made 
into snuff-boxes, vases, etc. 

Teak-wood is a native of the moun- 
tainous parts of the Malabar coast, 
of Java, Ceylon, etc. It grows 
quickly, straight, and lofty. The 
wood is light and porous, and easily 
worked; but it is nevertheless strong 
and durable. It is soon seasoned, 
and, being oily, does not injure iron, 
and sh. inks but little in width. Its 
colour is light brown, and it is es- 
teemed a most valuable timber in 
India for ship-building and house- 
carpentry. It has many localities. 
In twenty-five years the teak attains 
the size "of 2 feet diameter, and is 
considered serviceable timber, but it 
requires 100 years to arrive at ma- 
turity. 

Teasel, the flower-head of the Dipsa • 
cus Fullonuniy much used in dress- 
ing cloth. 

Teasling, raising and dressing the 
surface of clotli by the means of tea- 
sels. 

Tectorium, a Roman species of plas- 
ter work, usually made of lime and 
sand, but another and a better kind, 
which was called Albarium, was 
prepared from the lime of marble. 

Tegula, a roofing tile : roofing tiles 
were made by the Greeks, like bricks, 
of baked clay. 

Telamones, or Atlantes, statues of 
men, employed in columns or pilas- 
ters in Classical architecture. 

Telegraph, a machine adapted for 
communicating intelligence rapidly 
at a considerable distance by means 
of various signals previously ar- 
ranged. (See Electric Telegraph .) 
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Telescope, an optical instrument for 
observing distant bodies, whetbei 
celestial or terrestrial : by properly 
grinding and placing the lenses or 
glasses in a tube or pipe of various 
lengths, objects at a great distance 
are brought nearer to the eye, and 
much more distinctly seen than by 
the natural eye. An astronomical 
telescope may be either a refracting 
one or a reflecting one. Many of 
the most important discoveries have 
been made by means of the reflecting 
telescopes. The mirror of Lord 
Rosse’s great telescope was G feet 
diameter. 

Tellurite, telluric octose occurring 
in small white beads having a fibrous 
radiated structure. It is found with 
native tellurium in Transylvania. 

Tellurium, a bright gray metal dis- 
overed by Muller in 178*2. Named 
fromTellus, the earth. (Sec Metals .) 

Tempera-painting. (See Distem - 
per.) 

Temperature. The temperature of 
the surrounding atmosphere exer- 
cises a powerful influence in the pre- 
servation or decomposition of all 
organic bodies exposed to it. Thus, 
while a high temperature hastens 
the decay of animal and vegetable 
matter, this is completely arrested at 


I or near the freezing-point of water, 
i Hence, by artificial means, these sub- 
\ stances may be preserved for a length 
of time. A convenient cellar, in 
which the temperature is preserved 
under 32° Fahr., may be built under 
the ground, the sides being lined 
with a double wall containing 
saw-dust : over the ceiling is a 
space filled with ice, which, 
gradually melting, filters through 
the saw-dust, and keeps the tem- 
perature of the underground apart- 
ment always at 31° Fahr., or two 
degrees above the freezing-point. In 
this numerous animal and vegetable 
substances may be long preserved. 
The temperature of the earth is due 
to the absorption of the solar heat 
rays, which pass through the atmo- 
sphere without any appreciable loss. 
The air is warmed by contact with 
the warm surface of the earth, and 
the heat is distributed through it by 
a process called convection, or the 
communication of heat from particle 
to particle, consequently there is a 
regular decrease in the heat of the 
atmosphere as we ascend into it. 

The decrease of the temperature of 
the air at heights exceeding 5,000 feet 
has been found to be as follows : — 
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These results follow almost in se- 
quence with those found with the 
partially clear sky, and together show 
that a change of temperature of one 
degree takes place in 139 feet near 
the earth, and that it requires fully 
1,000 feet for a change of one degree 
at the height of 30,000 feet. 

Depth in Fathoms, 

Surface to 50 ... 

50 to 100 ... 

100 to 150 

150 to 200 ... 

200 and upwards 

The depth of the Monkwearmouth 
Coal Mine, in North Durham, is 
1,800 feet, and the temperature ranges 
from 78° to 80°, but in some parts of 
the mine it occasionally rises to 89°. 

At the bottom of the deepest coal 
mine in Britain, that of Dukinfield, 
near Manchester, 2,448 feet deep, the 
temperature is constantly 75°. 

At 320 fathoms below the sea 
level in Tresavean mine in Cornwall 
the temperature was almost constant 
at 100° Fahr. 

Mr. Robert Were Fox and Mr. 
Robert Hunt arrive at somewhat 
different conclusions from their ob- 
servations in the deep mines of Corn- 
wall. These gentlemen state that 
below the line of mean equal annual 
temperature, the increase of tempera- 
ture is 1° for every 50 feet in depth 
to 100 fathoms, between 100 fathoms 
and 200 fathoms it is 1° for every 70 
feet, and that from 200 to 300 fathoms 
the increase is 1° for every 85 feet ; 
consequently that the increase of 
temperature is iu a constantly di- 
minishing ratio. 

Temperature of different Ther- 
mometers. A thermometer is an 
instrument for measuring the tem- 
perature of bodies, or the degree of 
intensity of their sensible heat. In 
Europe there are three different 
kinds of thermometers : 1. Fahren- 
heit^, which is used chiefly in Great 
Britain, Holland, and North Ame- 
rica, the freezing-point on which is 
at 32°, and the boiling-point 212°. 
2. Reaumur’s, which was that chiefly 
used in France before the Revolution, 
and now generally used in Spain and 
in some other Continental States: i 
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The temperature of the earth in- 
creases with the depth. The general 
statement being that it increases 1° 
Fahr. for every 50 feet of depth. The 
temperature at various depths in 
mines is thus given by Mr. Hen- 
wood : — 


Temperature. 

In Slate. In Granite. 

. 570 Fahr. 51-6° Fahr. 

. , 61'3 „ 55’8 „ 

. . 68 „ 66-5 

. .71 „ 

. 84-6 „ 81-3 „ 

the freezing-point, or zero, is 0°, and 
the boiling-point 80°. 3. The Cel- 
sius, or Centigrade thermometer, 
now almost universally used through- 
out France, and in the northern and 
middle kingdoms of Europe : the 
zero or freezing-point is 0°, and 
boiling-point 100°. Hence, in order 
to reduce degrees of temperature of 
the centigrade thermometer, and of 
that of "Reaumur, to degrees of 
Fahrenheit’s scale, and conversely, 
— Rule I. Multiply the centigrade 
degrees by 9, and diride the product 
bv 5 ; or multiply the degrees of 
Reaumur by 9, and divide the pro- 
duct by 4 ; "then add 32 to the quo- 
tient in either case, and the sum is 
the degrees of temperature on Fah- 
renheit’s scale. Rule II. From the 
number of degrees on Fahrenheit’s 
scale subtract 32, multiply the re- 
mainder by 5 for centigrade degrees, 
or by 5 for those of Reaumur’s scale, 
and the product in either case, being 
divided by 9, will give the tempera- 
ture required. 

In all enquiries into the effects 
of heat, it is necessary to attend to 
the following rules respecting the 
application of the term Tempera- 
ture : — 

Istlv. If a body subject to no 
pressure, or to a constant pressure, 
have at two different times the same 
bulk, it is said on both occasions to 
have the same temperature. 

2ndly. Two bodies are said to have 
the same temperature, if, bein&Fyi**- 
in contact, the temperature of jeuher 
remains unaltered by the acts yQ 01 
the other. 1 

3rdly. When bodies of di£f$ reDt 
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temperatures are in contact, the 
temperature of the hotter body de- 
creases, and that of the colder in- 
creases, till they become equal. 

4thlr. If the bodies be equal in 
mass or in weight, and of the same 
substance, the increase of tempera- 
ture in one will be equal to its de- 
crease in the other. 

Hence it will be seen that differ- 
ences of temperature are measurable 
and comparable with each other, 
quite independently of any change 
of bulk; that is, without using the 
latter as a measure of temperature, 
but only as a test by which change 
of temperature is defected. 

In this way it has been discovered 
that the same increment (not equal 
increments, as from 40° to 50°, and 
from 50° to GO 0 ) of temperature 
causes all masses of the same sub- 
stance to expand in the same ratio 
to their w r hole former bulk ; but this 
is by no means the case with different 
substances, as is obvious by looking 
at a common thermometer, an instru- 
ment for measuring changes in the 
bulk of a mass of liquid contained in 
a glass vev>el, of such a form that 
changes, very small compared with 
the whole bulk of the liquid, may 
cause its surface to rise and fall 
through a considerable space. But 
this could not be done if the gla-s 
and the measuring scale, in undci - 
going the same changes of tempera- 
ture as the liquid, expeih need al-o 
the same change of bulk ; for, if such 
were the case, the liquid surface 
would always remain opposite the 
same degree on the scale. The value 
of this simple instiument therefore 
depends on the fact that liquids are 
more expansible than solids. 

But it will further be seen that 
the ratio of the change of bulk to 
the whole bulk is dillerent for every 
substance, when the change of tem- 
perature is the same in all. It is 
necessary, however, to guard against 
a very common error respecting the 
relation between temperatures and 
the numbers by which they arc rc- 
picsentcd; namely, the degrees of 
the thermometer. 

Although the differences of tem- 
peratures are known and comparable 
quantities, yet their ratios are not 
bo : they can he compared by addi- 


tion and subtraction, but not y mul- 
tiplication or division. We cannot 
say, ‘This temperature is so many 
times that,’ because we do not know 
the real zero of temperature : that is, 
we do not know what is the smallest 
bulk into which a given body is 
capable of being condensed by cold. 
We cannot, therefore, say, ‘This 
body exceeds its minimum bulk by 
twice as much as that body exceeds 
its minimum bulk ; ’ or, in other 
words, ‘ This body is twice as hot as 
that ; ’ for although the temperature 
of one bodv may be 80° and that of 
another 40°, these numbers are only 
reckoned from an arbitrary zero or 
starting-point, adopted because the 
real zero is unknown. But although 
we cannot say that A has twice the 
temperature of B, we can say that 
the temperature of A exceeds that of 
B by twice as much as the tempera- 
tiue of C exceeds that of D. 

The firrt question, then, regarding 
the relation of expansion to tempera- 
ture, is — ‘Do equal differences of 
temperature cause the hulk of a body 
to vary, by equal differences ? * This 
question had to be settled before it 
could be known whether the common 
thermometer (the scale of which is 
divided into equal parts) measured 
differences of temperature correctly. 
For thi* purpose, Dr. Brooke Taylor 
heated two equal weights of water, 
one to 'J00° anil the other to 1C0°, 
and on mingling them together, he 
found them to indicate exactly 150°; 
tlieicby showing that equal differ- 
ences of temperature cause equal 
differences in the expansion of mer- 
cury ; or rather in the excess of its 
expansion over that of glass, which 
is clearly all that the thermometer 
can measure. More accurate experi- 
ments, however, have shown that 
this i ule does not exactly apply to 
any solid or liquid, but only to gases. 
When equal masses of the same 
liquid, at different temperatures, are 
mixed, their combined bulk becomes 
a very little diminished. Liquids, 
therefore, instead of expanding by 
equal increments of space for equal 
increments of temperature, expand 
faster as the temperature increases 
equably; and it appears that the 
correctness of the mercurial ther- 
mometer observed bv Dr. Brook* 
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Taylor was the result of a fortunate 
coincidence, by which the expansion 
of the glass, which is very small 
compared with that of the mercury, 
exactly compensated the increasing 
rate of the latter. This, however, 
would not he the case with thermo- 
meters constructed with other liquids, 
for their rates of expansion increase 
more rapidly than that of mercury. 
Hence spirit thermometers cannot 
he depended on for temperatures 
above the atmospheiic range (or 
above 100°). 

Tempering, in metallurgy, the pre- 
paring of steel or iron, so as to render 
them more compact, hard, and 
firm, or the reverse, more soft and 
pliant. 

Tempering of steel. Nearly every 
kind of steel requires a particular 
degree of heat to impart to it the 
greatest hardness of which it is sus- 
ceptible. If heated, and suddenly 
cooled below that degree, it becomes 
as soft as iron ; if heated beyond 
that degree, it becomes very hard, 
though brittle ; and its brittleness 
is an indication of the degree of its 
heat, -when cooled off. These are the 
reasons why, in hardening steel, it is 
generally overheated, and then tem- 
pered. To hit the exact heat required 
is a matter of extreme delicacy. 

The hardening of steel may be 
perfectly understood by studying its 
nature. In endeavouring toanive 
at the temperature best adapted to 
a particular case, — a case, for in- 
stance, in which a strange kind of 
steel has to be dealt with, — a practi- 
cal test, namely, drawing the bar into 
a tapered point or chisel, is applied. 
This wedge-shaped chisel will, of 
course, be more warm towards the 
point than at the thick part ; and it 
is evident that this part will, when 
cooled in the same cold medium, be 
harder than the thick part. By break- 
ing, and continuing to break oftj the 
point, the difference of grain "will 
show the different temperatures 
which have been applied. The finest 
and closest grained is considered the 
best. In hardening such steel, it is 
heated with a clue relation to the de- 
gree of the test-heat. Though this 
manipulation is very imperfect, care- 
ful and intelligent workmen are 
generally quite successful in arriving 


at a knowledge of what degree is 
favourable. The degree of hardness 
depends, in some measure, upon the 
heat of the steel, but mainly upon 
the difference between the heat of the 
steel and that of the water or medium 
in which it is cooled. The coldest 
water will make the hardest steel. 
Mercury is better adapted to harden 
steel than water ; so is water acid- 
ulated with any kind of acid, or 
containing anv kind of salt in solu- 
tion. 

The process of hardening is per- 
formed with due relation to the 
quality of the steel and the purposes 
fur which it is designed. In most 
instances, the hardening is effected 
in v'ater or brine. Saw-blades arc 
thus hardened, after being heated in 
melted lead : and sabres are heated 
in a choked lire of charcoal, and then 
swung rapidly through the air. 
Mint stamps are hardened in oil. 
The common method of procedure in 
hardening is this: T .e steel is over- 
heated, cooled in cold water, and 
then annealed or tempered by being 
so far re-heated that oil and tallow 
will burn on its surface ; or the sur- 
face is ground and polished, and the 
steel re-heated until it assumes a 
certain colour. The gradations of 
colour consecutively follow' : a light 
straw-yellow, violet, blue, and finally 
gray or black, when the steel again 
become* as soft as though it had 
never been hardened, 

Templa, certain timbers introduced 
in the roofs of temples: they were 
placed upon the eanterii, or prin- 
cipal rafters, extending the whole 
length of the temple Loin one fasti- 
gium to the other, corresponding in 
situation and use with the common 
purlin*. 

Template or Templet, in architec - 
tnre and engineering , a short piece of 
timber or stone laid under the bear- 
ing of a girder, with the object of dis- 
tributing the weight of the latter. A 
mould used by milMvrights for cut- 
ting the teeth of wheels. A plate or 
board formed to the exact dimen- 
sions of parts of engines and ma- 
chines, so that new parts may be 
produced from such templets of the 
exact size required to fit the other 

parts. In artillery, an iron plate, 

one side of which is made to corre- 
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spend exactly with the correct ex- 
terior of an elongated shot or shell. 

It is used as a gauge. 

Temple, a building set apart for the 
services of religious worship, espe- 
cially the Jewish, and those which 
were dedicated to the heathen 
deities : the name is not unfrequently 
applied to Christian sanctuaries, for 
example, the Temple church, London. 
The first Jewish temple, built by 
Solomon, was erected at vast ex- 
pense: the gold and silver only, 
which was provided for the purpose, 
amounting, it is said, to an almost 
incredible sum. It was built much 
in the same form as the Tabernacle, 
only every way of larger dimensions. 
It was surrounded, except the front 
or east end, with three stories of 
chambers, each 5 cubits square, 
which reached to half the height of 
the temple, and the front was graced 
with a magnificent portico, which 
rose to the height of 120 cubit?, so 
that the shape of the whole was not 
unlike some churches which have a 
lofty tower in the front and a low 
aisle running along each side of the 
building. This temple was plundered | 
by Nebuchadnezzar, King of Baby- 
ion, and the building itself destroyed, | 
according to Josephus, after it had j 
stood between 400 and 500 years. 
The second temple, erected after the 
Jews’ return from Babylon, stood I 
for 500 years, when Herod rebuilt it 
in a style of great magnificence. 
Tacitus, the Homan historian, calls it 
a temple of immense opulence. This 
magnificent temple was at length 
destroyed by the Romans in the 
same month and on the same day of 
the month as Solomon's temple was 
destroyed by the Babylonians. Of 
the temples of classic history, the 
most celebrated are those of Greece, 
consisting of the Parthenon, built 
under Pericles, the Erechtheum, and 
others noticed in Stuart’s ‘ Antiqui- 
ties,’ and in the works of the Dilet- 
tanti Society, of Cockerell, Donald- 
son, etc. : of Rome, the chief temples 
were, the Capitol, the Pantheon 
(built by Agrippa), the temple of 
Apollo, the temple of Janus, and 
others intv« cstingly described by 
Degodetz, and also by Taylor and 
Crisy. The Temple of Solomon had no 
arch*e$. In the Tabernacle, the Holy 


of Holies , where the ark was placed, 
was a cube of 15 feet. (Exod. xxvi.) 
The Holy Place, where the golden 
lamps and the table of shew- bread 
stood, was a double cube of 15 feet. 
In the Temple, the Holy of Holies 
was a cube of 30 feet, the Holy Place 
a double cube of 30 feet. 

The whole structure was 99 feet 
long and 45 feet high. The front 
over the porch seems to have been 
adorned with a towering edifice of 
some kind or other, of an elevation 
of 180 feet. 

The Brazen Pillars , or two co- 
lumns standing before the gate of the 
Temple, seem to have been 6 feet in 
diameter and 52 feet 6 in. high, or 
nearly nine diameters (compare 1 
Kings vii. 15, with 2 Chron. iii. 15, 
although there is in the first passage 
a proportion of height mentioned 
which causes some confusion). The 
capitals were G feet in diameter ex- 
clusive of their projecting ornaments, 
and 7k feet high ; or one diameter and 
a quarter. 

The portico of the Temple was 30 
feet long and 15 feet wide, in open 
height 45 feet. 

The Cherubim on each side of the 
ark were 15 feet high ; their wings, 
which were extended to meet each 
other, were 7k feet, and the Cherubim 
and Palm-trees on the wall, which 
were of carved work covered with 
gold, seem to have been of just the 
same proportion. 

The greatest part of the cloisters 
are affirmed to have been constructed 
of -beams of wood laid upon massy 
pillars. Their outside wall was of 
stone, 12 feet thick. 

The loof was probably flat, ac- 
cording to the general usage of 
building in Eastern countries, as we 
know that the Romans stationed a 
guard of soldiers on the roof of the 
cloisters to preserve order at public 
festivals. 

Yet as the seditious Jews are said 
to have set fire to the north-west 
cloister in order to prevent the Ro- 
mans from taking the Temple through 
the castle of Antonia; and after- 
wards we are told that they filled 
that part of the western cloister 
which teas between the beams and the 
roof with dry materials and with 
bitumen and pitch, and setting it on 
4G9 
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fire the flame hurst out ou every side, 
there appears a probability that the 
roof was not flat, at least it is evi- 
dent that the interior ceiling was 
not the floor of the external cover- 
ing. 

Templet, a gauge cut out of a thin 
piece of metal to the form of thework 
to be executed. 

Templum ( Lathi), a temple. Tem- 
ples appear to have existed in 
Greece from the earliest times ; they 
were separated from the profane 
land around them, and the entrances 
were much decorated as architecture 
advanced. 

Tenacity, that quality of bodies by 
which they resist tension or tearing 
asunder. 

Tenail or Tenaille, in fortification , 
a small work placed before the cur- 
tain, and intended to secure it and 
the flanks against being breached 
which would render retrenchments 
in bastions useless. 

Tender, the carriage which is at- 
tached to a locomotive engine, and 
contains the supply of water and 

coke. A naval term for a small 

vessel appointed to attend upon a 
larger one, to communicate with the 
shore, &c. It sails in company, but 
may be sent on expeditions up rivers, 
&c., where its patron could not pene- 
trate. 

Tenebrosi, a school of artists aho 
called Carayagge-chi after its founder 
Caravaggio ; the remarkable charac- 
teristic of this class of artist was 
their bold and powerful tendering of 
chiaroscuro. 

Tennantite, an arsenical fahl-orc ; it 
has a metallic lustre, and vatic'* in 
colour from a leaden-gray to iron- 
black ; it occurs in some of the mines 
near Iiedruth and St. Day, in Corn- 
wall. 

Tenon, in carpentry, the square end 
of a piece of wood or metal dimin- 
ished to one-third of its thickne**, 
to be received into a hole in another 
piece, called the mortise, for the 
jointing or fastening of the two to- 
gether. 

Tension, a force pulling or stretching 
a body, as a rod. Animals sustain 
and move themselves by the ten- 
sion of their muscles and nerves. 
A chord, or string, gives an acuter 
or deeper sound as it i3 ia a greater 


or less degree of tension, that is, 
more or less stretched or tightened. 

Tension-rod, an iron rod applied to 
strengthen timber or metal framing, 
roofs, etc., by its tensile resistance. 

Terbium, a rare metal. (See 
Metals.) 

Term, a piece of carved work placed 
under each end of the taffrail of a 
ship, at the side timbers of the stern, 
and extended flown as low as the 
foot-rail of the balcony. 

Terne-plate, iron plate coated with 
tin and lead. 

Terra Cotta, literally baked clay. 
Its manufacture is prosecuted at the 
present day with greater enterprise 
than hitherto ; great authorities 
speak highly in its favour, even 
u here stone is plentiful, but where 
there is a scarcity of the latter, build - 
ingss in terra cotta arc more fre- 
quently adopted, and it is not un- 
common that decayed stones in 
ancient buildings are replaced by 
this imperishable material. To es- 
timate the shrinkage which any 
doign will undergo from being 
formed in a plastic state to its being 
turned out thoroughly burned, is one 
of the great difficulties attending its 
successful manipulation ; and when 
exactness is required, burnt clay, 
after being reduced to a fine powder, 
E mixed in a certain proportion with 
the raw clay to diminish the shrink- 
age to the utmost. Many composi- 
tions are used in the production of 
it ; for instance, in various parts of 
England the natuial clays are mixed 
with varh d proportions of kaolin or 
China clay, Cornish stone, ground 
flint, etc., to make up a durable sub- 
stance, and this composition is held 
to pioduce very fine work. A few 
years ago Mr. William Wilson, of 
the Lockhead Fire-clay Works, 
Dunfermline, executed several con- 
tracts in terra-cotta for the Science 
and Art Department, South Ken- 
sington, for the Museum there, con- 
sisting of balustrading, friezes, corni- 
ces, and ornamental work, from the 
fire-clay worked at Lochhead, with- 
out mixture ; and several English 
houses have also contributed work 
from the same nature of clay. About 
the same time, a paper, bearing on 
the qualities of the various composi- 
tions from which terra-cotta is manu- 
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factured, was discussed by men of 
great experience in the architectural 
world, which resulted in the weight 
of argument being rather in favour 
of the clays from the coal measures. 

Terra-cottas are made in various 
colours, so that when required for 
the replacing of decayed stones, the 
tints of the two may be exactly 
similar. The colour is frequently 
merely washed on the surface, but in 
these cases the slightest chip or abra- 
sion reveals the different shade, which 
is most objectionable, audit is there- 
fore necessary that the colour pene- 
trate the whole substance. To effect 
this the colouring ingredient is added 
when the clay is in a dry state and 
properly mixed, it then goes through 
the batching pans, where water is 
applied to render it plastic, to be 
operated upon by the workmen. An 
endless variety of patterns are to be 
found in all departments of architec- 
ture, and the greater portion is 
wrought from plaster of Paris moulds 
by hand. The numerous designs in 
plain and ornamental chimney-cans, 
so as to be in conformity with the 
style of the various buildings erected, 
form, themselves, a very extensive 
stock. Other architectural work, 
such as balustrading, columns, capi- 
tals .cornices, etc., and apart from 
the more usetul productions, are the 
highly ornamental, such as foun- 
tains, vases, garden ornaments and 
decorations, all of which swell the 
list of manufactures from fire-clay, 
causing them to fuun a very import- 
ant outlet for labour, in which no 
small proportion of skilled labour is 
required, commanding a rate of wages 
as high as two guineas a week. A 
class of work to which the highest 
skilled labour is applied, is in the 
production of statuary, and, from the 
variety of processes through which 
it has to pass, very great expense 
attends it. The first and most im- 
portant part is to select an artist of 
undoubted skill, thoroughly ac- 
quainted with the plastic substance 
in which his design is to be cast, who 
completes the model ; plaster of 
Paris is then made up to a consist- 
ency of cream, and poured uniformly 
over the whole surface to such a 
thickness as to give it a proper sub- 
stance, and in this are pi iced snudl 


iron rods, which act as ties and give 
strength to the mould ; the plaster 
of Paris now stands sufficiently long 
for it to set, and when it has attained 
a firmness, it is inverted and the 
model taken from it. The artist 
then examines the whole very care- 
fully, touching up with a small tool 
any imperfection, after which it is 
put on the stove for a day or so to 
be properly hardened before the 
moulds can be said to be completed. 
The moulds in various subjects are 
very intricate, and consist of various 
parts, all of which are fitted together 
in such a way that each of the parts 
can be independently disunited. The 
clay for this department is specially 
prepared, and partakes to a great 
extent of the same process as in 
eliinaware in potteries. For this 
preparation a ‘slip plate’ is used 
(which is simply a fire-clay trough 
of considerable length), under which 
runs a flue, heated by means of a 
furnace at one end. The ground clay 
being soaked in water is put through 
a very fine sieve into this ‘ slip- 
plate,’ and is heated by the furnace 
up to boiling temperature, and con- 
tinued until as much water is evapo- 
rated as will render the clay of a con- 
sistency fit for use. It is then taken 
out and thoroughly beaten and 
kneaded by hand to drive out the 
air, and this being completed, it is 
taken to the moulder. This very fine 
clay is now firmly pressed by hand 
into all parts of the mould, and 
these parts are all fixed together and 
properly jointed. To the clay has 
thus been imparted an exact outline 
of the design, which remains in the 
mould two days or so until a degree 
of stiffness has been acquired, after 
which the various pieces of the mould 
arc carefully removed. The super- 
fluous clay at the joinings is now- 
pared off with a knife, and the 
whole figure undergoes a process of 
very fine finishing, which is a special 
branch requiring very experienced 
and artistic workmen ; and in order 
to prevent sinking or twisting in 
those figures and designs that have 
the top part heavier than the lower, 
it is frequently necessary to provide 
supports at this stage of the manu- 
facture. Statues, fountains, and 
other similar productions on a large 
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scale, where no duplicate is required 
after being moulded, are taken di- 
rectly to the kiln and fired, retaining 
unimpaired the last touches of the 
artist. The kilns in which the finer 
class of terra-cotta is burned are 
termed ‘muffled’ kilns, from their 
being constructed with a casing (a 
brick thick), inside of which all the 
goods are placed, thus being tho- 
roughly protected from the flame. 
A space about four and a half inches 
between this casing and the outside 
wall is where the fire operates, in 
the same way as an oven. The extra 
expense of heating up this descrip- ! 
tion of kiln is very considerable, but 
there is not the risk of beautifully 
finished figures or designs turning 
out after being burned with scorched 
surfaces, as occasionally occurs in 
the open kilns, and while the casing 
only allows the heat to be brought 
up very gently, the highest degree 
of white heat necessary can be raided, 
so that there is not the slightest 
danger of any class of ornamental 
goods made from fire-clay, when 
properly burned, giving w T ay under 
exposure to the most severe weather. 

Terra di Sienna, or Raw Sienna 
Earth, a ferruginous native pig- 
ment, which is an iron ore, and 
which may be considered as a crude 
natural yellow lake, firm in sub- 
stance, of a glossy fracture, and very 
absorbent. It is in many respects a 
valuable pigment, of rather an im- 
pure yellow colour, but has more 
body and transparency than the 
ochres ; and being little liable to 
change by the action of either light, 
time, or impure air, it may be safely 
used, according to its powers, either 
in oil or water, and in all the modes 
of practice. By burning, it becomes 
deeper orange and more transparent 
and drying. 

Terra -Jap onica, Japanese earth. 
Catechu, a peculiar vegetable product 
formerly regarded as a mineral earth. 

Terra If era, a pigment used in fresco 
and tempera painting by the old 
artists. 

Terra Ifobilis. Before the real na- 
ture of the diamond was known it 
was so called. 

Terrace, a raised natural or artificial 
bank for the purpose of affording a 
promenade. 
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Terre -plein, in fortification, the upper 
surface of the rampart where the guns 
are placed and worked. Its breadth 
should be about forty feet ; and it. is 
bounded outside by the parapet, and 
inside by the inner slope of the ram- 
part. 

Terretta, Terra da Boccali, or 
Terra di Lava, a mixture of clay 
and charcoal, used by old oil-paint- 
ers, as an absorbent white ground 
on which to place their colours. 

Terre* vert e, an ochre of a bluish- 
green colour ; in substance mode- 
rately hard, and smooth in texture. 
It is Variously a bluish or gray coaly 
clay, combined with yellow oxide of 
iron, or yellow' ochre. Although not 
a bright, it is a very durable pig- 
ment, being unaffected by strong 
light and impure air, and combining 
with other colours without injury. 
It has not much body, is semi-trans- 
parent, and dries w r ell in oil. There 
are varieties of this pigment ; but 
the green earths which have copper 

for their - 1 ™~h 

generally * ■ * r 

in their • A . 1 . , . i 

true terre-vertes. 

Terrier, a term formerly used in Feudal 
Law' ; but now' usually applied only 
to ecclesiastical catalogues of the lands 
and other temporal possessions of the 
church in each parish, directed by 
the 87tli canon to be kept in the 
Bishop’s Registry. 

Tessellated, in the arts , variegated 
by squares ; exemplified in the beau- 
tiful pavements of the ancients. 

Tessera, small cubical pieces of brick, 
stone, or composition, forming part 
of an ancient Roman mosaic or 
tessellated pavement. 

Testaceous, consisting of shells ; 
made of baked earth, or of tiles or 
bricks. 

Tetragon, a quadrangle, or a figure 
having four angles. 

Tetrahedrite. Fahl-ore, a name 
given to a group of isomorphous 
minerals, which consist of mixtures 
of sulphur-salts. The colour is a steel- 
gray or iron-black ; it is opaque, but 
when in thin splints transmits a 
cherry-red colour. 

Tetrahedron, in geometry , one of the 
five regular bodies of solids compre- 
hended under four equilateral and 
equal triangles. It may be con' 
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ceirecl as a triangular pyramid of 
four equal faces. 

Tet rants, the four equal parts into 
which the area of a circle is divided 
by two diameters drawn at right 
angles to each other. 

Tetrastyle, a portico, etc., consisting 
of four columns. A cavaedium was 
called tetrastyle when the beams of 
the compluvium were supported by 
columns placed over against the four 
angles of a court. 

Thalamifera, sculptured kneeling 
figures which support inscribed tab- 
lets : the word literally means led- 
bearers. 

Thallium, an elementary metal dis- 
covered by Mr. Crookes, in the deposit 
formed in the leaden chambers of a 
sulphuric acid factory. 

Thallium glass, a glass of great den- 
sity and refracting power in the pre- 
paration of which thallium is used in 
the place of either lead or potassium. 

Thatch, straw or reeds employed for 
covering the roofs of buildings ; par- 
ticularly used for cottages. 

Thaughts, or Thwarts, in naviga- 
tion, the benches or seats in a boat. 

Theatres, edifices of various but 
principally of large dimensions, for 
dramatic exhibitions. 

Theatrum, a theatre. The Athe- 
nians, before the time of JEschvlus, 
had only a wooden scaffolding on 
which their dramas were performed. 
It was merely erected for the time 
of the Dionysiac festival, and was 
afterwards pulled down. 

Thenar ds Blue, Cobalt Blue, which 
see. 

Theodolite, in surveying , a mathe- 
matical instrument fur measuring 
heights and distances. 

Theologium, a small upper stage in 
the ancient theatre, upon which the 
machinery for celestial appearances 
was arranged. 

Theoreca. (See Pyx.) 

Theorem, a term used in mathema- 
tics to signify a proposition which 
states a conclusion and requires its 
demonstration ; as distinguished 
from a Problem, which leaves the 
conclusion to be discovered. 

Theory, a proposition founded upon 
a large number of ascertained facts 
— as the Theory of Gravitation — the 
undulatorv Theory of Light — both 
of which are accepted as truth. To 


be learned in an art, the theory is 
sufficient; to be master of it, both 
the theory and practice are requisite. 
Machines often promise very well in 
theory, but fail in practice. Theory 
is often confounded with Hypothesis 
— which is nothing more than a 
more or less shrewd guess. We ad- 
vance in our knowledge by the use 
of hypothesis, but the results only of 
absolute experiment can establish a 
Theor}'. 

Theory, mathematical, the alge- 
braic elucidation of the principles of 
any physical system, where assump- 
tions are made, in the absence of 
positive data : the calculated results 
are expressed in formulae, which are 
easily convertible into arithmetical 
rules. Among others, the ‘Theory 
of the Steam Engine,’ by the Count 
de Tambour, has been found to be 
most useful for practice; and the 
following is an explanation of his 
mathematical investigation, designed 
for persons not familiar with the 
algebraic signs, and intended to ren- 
der clear and easy the use of the 
formulaj contained in the above- 
mentioned work, and which may be 
said to have reference to all mathe- 
matical works. 

Among persons engaged in the 
construction or working of steam- 
engines, there is a great number to 
whom the algebraic terms are little 
familiar, and who usually give up 
the reading of a book as soon as they 
perceive that it steps beyond the 
simple notions of arithmetic. When 
it is intended to make a work pro- 
fitable to those persons, the usual 
practice is to annex to each of the 
definitive formula} an explanation, 
in full words, of the arithmetical 
operations which it represents. 

The want of such explanation may 
be very advantageously supplied, by 
giving the signification of every sign 
employed in the formulae ; by ex- 
plaining what are the arithmetical 
operations represented by those 
signs. With the help of a very few 
rules on this subject, persons will 
find that the reading of the formulae 
is quite as easy in algebraic signs as 
if they were written in words ; since, 
after all, it is but an abridged way 
of expressing the same things, and, 
moreover, the operations to be per- 
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formed, in order to attain the result, 
are much more clear, and more easy 
for the mind to seize. Again, a per- 
fect acquaintance with the significa- 
tion of the signs in common use can 
require hut a few hours of attention, 
and when once a person shall have 
made himself mastea* of them, he will 
he capable of reading the formula} of 
all works. 

A, B, .... a, bj .... /, jk, 71 , ... . 
. . . . . . etc. The letters arc an 

abridged manner of writing the 
numbers which those letters repre- 
sent. Thus, when the stroke of the 
piston has been measured, and found, 
for instance, to be 17& inches, it 
would be inconvenient to write in 
all the formulae the number 17 b. 
But if the length of stroke, what- 
ever it might be, lias beeu icpre- 
sented by a letter, as /, for instance, 
then, every time the letter l occurs, 
there needs only to recollect that it 
represents the number 17A, and per- 
forming with that number the opera- 
tions indicated in the formula?, rela- 
tive to the letter the result sought 
will be attained. 

= . . . . This sign signifies equal 
to; it expresses that a quantity 
sought is equal to the number re- 
sulting from certain operations per- 
formed on other quantities known. 
Thus, for instance, if we find the 
expression 

V = GO r, 

this will signify that that quantity 
V is equal to CO times the quantity 
17 . Consequently, if we know be- 
sides that the letter v represents the 
number 100, it will follow that the 
unknown quantity V will have for 
its value GO times 100, or 6,000. 

+ ... This sign signifies plus 
(more). Placed between two let- 
ters or two numbers, it indicates that 
they are to be added together. If, 
for instance, there be in a formula an 
expression of the form 

1+5 

it means that to the number 1 must 
be added the number 5. If, then, 
we know besides that the letter 5 
represents the number T4, it follows 
that the expression 1 + 5 will have 
for its value 

1 + 5 = 1 + -14 = 1 - 14 . 
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— . . . . This sign indicates minus 
(less). Thus, when an expression 
occurs of the form 

P - /- 2118, 

the expression amounts to saying 
that, from the number P the num- 
bers f and 2118 are to be successively 
subtracted. If, then, we know that 
the letter P represents the number 
93G0, and that the letter/’ represents 
the number 144, the expression will 
have for its value 

P - 2118 = 93G0 - 144 

-2118 = 7098. 

x .... This sign expresses multi - 
plied by. Thus tiie expression 

a x v 

indicates that the two numbers re- 
presented by the letters a and v are 
to be multiplied one by the other ; 
and the pro dm t of that multiplica- 
tion will be the quantity expressed 
here by a x v. This multiplication 
to be pci formed is equally expressed 
by a point between the two letters, 
or bv writing the two letters simply 
together without any sign inter- 
posed ; so that the expressions 

a x v ...... a . a . . . . , a v, 

amount to the same, all three ex- 
prewng the result of the multiplica- 
tion of the numbers represented by 
a and v. If, for instance, an expres- 
sion occur like the following, 

a r v 

and it be known that the letter a 
expresses the number 1-57, the letter 
r the number 2040*96, and the letter 
v the number 300, the expression 
a r v will have the value 

u r v = 1*57 x 2C40-9G x 300 
= 1243800. 

•+.... This sign denotes divided 
by. Thus the expiession 

S 

a 

expresses S divided by a , or the 
quotient resulting from the division 
of the number expressed by S, by the 
number expressed by a. 

For instance, if we have S = *67 
and a = 1-57, it is plain that the 
S 

term — will have for its value 
a 
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A fraction may have its nume- 
rator or its denominator composed 
of several numbers, on -which divers 
operations are indicated. In that 
case, those operations must first be 
performed, so as to reduce the nume- 
rator and the denominator to single 
numbers, before performing the divi- 
sion of the one by the other, as has 
just been said. 

If, for example, we have the frac- 
tion 

10000 

1*492 + -002415 P* 

And know besides that the letter P 
represents the number 9860 ; we 
must first perform the multiplication 
of the number 9360 by the number 
•002415, and then add to the product 
the number 1*492. The result will 
be the number 24*0964, which will 
therefore represent the denominator 
of the fraction. The fraction may 
then be written under the form 

10000 

24-0964 

and consequently it is reduced to 
the simple indication of the quotient 
of two numbers, as in the preceding 
case. 

If two fractions occur, separated 
by the sign of addition, or that of 
subtraction, or that of multiplication, 
the meaning is that, after having 
sought separately the quotient indi- 
cated by each of those fractions, 
they are either to be added together, 
or one deducted from the other, or 
one multiplied by the other. Thus, 
the expression 

S 10000 

a ' 1492 + -002415 P 
signifies that, after having sought 
the quotient indicated by each of 
the two fractions, the first of these 
quotients is to be multiplied by the 
second. Supposing the letters to be 
of the same numerical value as in the 
preceding cases, the product of the 
two fractions would here be the de- 
finitive number 176. 

It would be the same if we were 
to find one fraction divided by 
another. Each of them should be 
first reduced to a single number by 


finding the quotient they represent, 
and then the one of these quotients 
divided by the other. 

( ) or [ ] or | j- .... Paren- 
theses indicate that the different 
quantities contained between them 
are to be reduced to a single number 
before performing the other opera* 
tions indicated in the formula. 

Thus, for instance, if we find in a 
formula the expression 

Cl + 6) v, 

this means, that it is the expression 
( + S) entire, which is to be multi- 
plied by v. The sum then of 1 + $ 
is first to be formed, and afterwards 
multiplied by the number v j where- 
as, had we only 

1 x v, 

this would mean that the product 
5 v is first to be formed, and after- 
wards the number 1 added to it. 

There may occur several paren- 
theses comprised one within the 
other, but their signification is 
always the same. The expression 

•002415 [ (1 + 5) r + /) 

denotes that the sum of 1 + & is 
to be formed first, this to be multi- 
plied by r, and the product added 
to the quantity /, which gives the 
number represented by the outer 
parenthesis ; and finally, that this 
number is to be multiplied by *002415. 

Lastly, when there occurs in the 
formula? a letter with a small figure 
or exponent above it, it is the same 
tiling as writing that letter as many 
times successively as there are nnita 
in the figure or exponent. 

For instance, the expression 

t>* 

is equivalent to the expression v x v, 
or v written twice ; that is to say, it 
i> the product of v by itself. If then 
r were known to be equal to 300, the 
quantity represented by v 2 would be 

= 300 x 300 = 90000. 

These short explanations are all 
that is necessary, in order to read 
and perfectly understand all practi- 
cal formulae. Replacing each of the 
signs that are met with in a formula, 
by the periphrasis which the sign 
represents, you read the formula 
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such as it ought to be expressed; 
and effecting the arithmetical opera- 
tions indicated by those signs, you 
attain the result sought. A formula 
is, then, nothing more than an 
abridged manner of writing the series 
of operations to be performed, in 
order to arrive at the result which we 
want to obtain. 

We will subjoin to this explana- 
tion some examples taken from 
the practical formulae of high- 
pressure engines. 

I. Suppose we have the formula 
= s 1QOQ0 

a 6*6075 + *002415 [(1 + 6) r +f\ 
which is intended to determine 
the unknown value of u; and let 
it be supposed that we know, be- 
sides, that the other letters com- 
prised in this formula have the 
following value : — 

S = *67 
a = 1-57 
5 = -14 
r = 2G41 
/ = 144. 

First form the sum (1 + 6), indi- I 
cated in the inner parenthesis, 
•which will be 

1 + 5 = 1-14. 

Then multiply this number by r, or 
2G41, and the* result will be 
(1 + 5) r = 1T4 x 2641 = 3010. 
Add to this f, or 144, and the sum 
will consequently be the quantity 
indicated by the outer parenthesis, 
viz. 

[(! + )»•/] = 2154 . 

Now multiply this sum by the num- 
ber *002415, and the product will 
evidently be 

•092415 [(1 + h) r + /] - *002415 x 
3154 = 7*6170. 

Add to this last result the number 
6*6075, and you obtain 

>6075 + -002415 [(1 + 8) r + /•] = 
6*6075 + 7*6170 = 14*2245. 

This is then the denominator of 
the fraction which forms the second 
member of the formula. Perform- 
ing the division of the number 
10000 by the number just obtained, 
the quotient will be 
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10000 

6*6075 + *002415 [(1 + *) r + /] 
10000 


14*2245 


= 703*04 


On the other hand, dividing S 
by tr, or the number *67 by the 
number 1*57, you have the value 
S 

of the fraction -, viz. 

a 


S = -42G8 

a l’o7 

Finally, then, multiplying this lat- 
ter quotient by that obtained im- 
mediately above, you have defini- 
tively 

= S _ 10000 

a 6*6u75 + *002415 [(1 + 8)r + f 
= *4268 x 703*04 = 300 

Thus it is clear that by effecting 
successively the series of calcula- 
tions indicated by the few signs 
which arc explained, and proceed- 
ing gradually from the most simple 
terms to the more compounded 
ones, we arrive without difficulty 
at the definitive result. 

We will give some other exam 
pies of these calculations ; but, in- 
stead of effecting the operations, 
we will merely express in words 
the signification of the formula, 
which amounts to the same. 

II. Suppose we have the formula 


(1 + &)v 1 + 8 

(27 +/)5 

this signifies that the required value 
of a r will be obtained by perform- 
ing the following arithmetical ope- 
rations : — 

Add 1 to the number represented 
by the letter 6, and multiply the 
sum by the number v. 

Then divide the number S by 
the product thus obtained ; multi- 
ply the quotient of this division by 
the number 4140750; and write 
apart this first partial result, which 
represents the first term of the 
formula. 

Add again to unity the number 
S, and by that sum divide the 
number a. 

Similarly add to the number 
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2736 the number /, and multiply 
the sum by the last found quotient ; 
and set apart this partial result, 
which represents the second term of 
the formula. 

Finally, from the lirst partial re- 
sult subtract the second, and the 
difference will be the quantity a r 
sought. 

Performing these different ope- 
rations with the values of S, a, £, r, 
and/, given above, and supposing 
the case wherein the letter v has 
the value v = 300, you find that 
the quantity a r will have for its 
definitive value 

a r = 4146. 

III. If we have the formula 

S = { 6-6075 + -002415 

10000 l 

[(1 + J> + /] j ; 

it will amount to the following 
arithmetical explanation : — 

To the number 1 add the num- 
ber 5, and multiply the sum by the 
number r. 

To this product add the number 
f and multiply the resulting sum by 
the number -002115. 

To the hitter product add the 
number 6*6075, and keep apart this 
partial result, which expresses, in 
one number, what proceeds from 
all the operations comprised in the 
great parentlie-i«*. 

Then multiply the number a by 
the number r, and divide the pro- 
duct by the number 30000, whii h 
will give you another partial result, 
expressing the portion of the for- 
mula situated beyond the paren- 
thesis. 

Finally, multiply the former par- 
tial result by the latter, and the 
definitive pioduct will be the re- 
quired value of S. 

For the values above attributed 
to the different letters contained in 
the formula, the result of the calcu- 
lation will give S = ‘67. 

IY. If we have the formula 

, _ S 10000 

* a 1-492 + -002 1 1 5 P’ 

U will be paraphrased as follows : 

Multiply the number *002415 by 
the number P, and add to the pro- 


duct the number 1 402 ; divide the 
number 10000 by the sum thus 
obtained, and write the quotient 
apart. 

Then divide the number S by 
the number a, which will give a 
second quotient. 

Finally, multiply the former quo- 
tient by the latter, and the result- 
ing product will be the required 
value of v' . 

With the values already indi- 
cated for the letters, and, more- 
over, for P = 03G0, the result of 
the preceding formula will give 
v' = 3 76. 

V. In fine, as a last example, we 
will suppose the formula 

nr ' = rvr (P --/- 2118 )- 

It plainly will signify as follows : 

From the number P deduct first 
the number /, and again from the 
remainder deduct the number 2118. 

Then to the number 1 add the 
number s, and divide the number a 
by the sum thus obtained. 

‘Finally, multiply this quotient 
by the difference before obtained, 
and the definitive product thus 
formed a\ ill be the required value of 
a r . 

The operations thus indicated 
would, fur the case wherein the 
letters should have the values al- 
ready given above, produce for the 
lequircd value of a r' the quantity 
9777. 

Thus we sec how easy it is to 
replace all the formula* by their 
expressions in words : and, con&e- 
quentlv, the sight of algebraic for- 
mula* ought in nowise to intimidate 
pei>ons unfamiliar with algebra. 
Theotlieca, Monstrance, or Re- 
monstrance, sacrament-house in 
the Roman Catholic Church (the 
pix), the receptacle of the conse- 
crated host, made generally of the 
most costly materials, and, in some 
cases, of expensive and beautiful 
design. Two magnificent examples 
are given in the ‘ Divers Works of 
Early Masters/ The sacrament- 
liousc in the church of St. Lawrence 
at Nuremberg, date 1510, is 64 feet 
in height ; and another, in the 
church of St. George at Limbourg, 
is upwards of 30 feet high. 
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Thermography, a process, by which 
prints or drawings may be copied by 
the agency of heat, instead of light. 
- -A term proposed by Mr. Robert 
Hunt in 1842 to express the art of 
copying engravings etc., on metal 
plates, the effect being due in every 
case to the influence of heat radia- 
tions, and not to light. 

Thermometer, an instrument used 
for measuring the degrees of heat. 
They vary in the divisions of their 
scales. (See Temperature.) 

Thermophyllite, a mineral found in 
grains or rounded indistinct crys- 
tals ; it is soft, and when heated 
swells to a great bulk, but only 
melts at the thin edges. It varies in 
colour from white to yellowish brown. 

Thermopile, Thermopyle, Ther- 
mo-electric Pile, Thermo-mul- 
tiplier, an instrument used to de- 
tect slight changes of temperature. 
A number of slender bars of bismuth 
and antimony having their alternate 
end soldered together, and packing 
a series of thirty-six into a rectan- 
gular bundle, an arrangement is 
effected in which an electric current 
is generated by the slightest altera- 
tion of temperature of either end of 
the bundle. If one of the faces of 
the bundle be blackened, the mere 
approach of the hand is sufficient to 
excite a very perceptible electric 
current ; to detect which, it is 
necessary that the extreme bars be 
connected by pieces of copper-wire 
with a galvanometer. 

Thermostat, the name of an ap- 
paratus for regulating temperature, 
in vaporisation , distillation , etc. 

Thesaurus (Greek), a treasure-house. 
That buildings of this description 
were required, especially by kings 
and states, in the earliest period of 
civilisation, is self-evident ; and 
tradition points to subterranean 
buildings in Greece, of unknown 
antiquity and of peculiar formation, 
as having been erected during the 
heroic period, for the purpose of 
preserving precious metals, arms, 
and other property. 

Thick Strakes, in ship-building , 
strakes of planking thicker than 
those used elsewhere. They are 
bolted od over the points of junction 
ot the several pieces which compose 
the ribs or timbers. 
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Thicks tuff, in ship- building, all 
planks above four inches in thick- 
ness. 

Thiet-sie, a viscid liquid which ex- 
udes from a tree growing in Bur- 
mah ; it is used as a varnish by the 
Burmese ; when spread in * thin 
layers over any surface, it very 
quickly becomes a hard, deep, black, 
and brilliant coating. When it is 
fresh from the tree it is a light 
brown, and about the consistency of 
treacle: hut after a few minutes’ 
exposure the surface becomes hard 
and black. 

Thimble, an iron ring hanging in a 
sling of rope. 

Thin out, a geological term used to 
denote the gradual diminishing in 
thickness and disappearing of the 
strata. 

Thin-tack-side, the flat side or face 
of a hammer. 

Thjorsa lava, a lava from Hekla, 
consisting of a mixture of the true 
lava-mass with thjorsanite and chry- 
solite, both of which minerals occur 
crystallised in distinct cavities of 
the lava. The grayish-black lava 
contains silica, alumina, ferrous ox- 
ide, lime, and magnesia, as principal 
constituents, together with small 
quantities of soda and potash, traces 
of manganese, nickel, and cobalt 
oxides. — Genth. 

Thjorsanite, a variety of anorthite, 
occurring in brittle, transparent 
masses in the thjorsa lava on Hekla. 
It has a vitreous lustre, and varies 
from white to gray in colour. 

Thole, a term used in building ; the 
scutcheon or knot in the midst of 
a timber vault; also a place in 
temples where donarics (gifts) were 
hung up. 

Tholobate, a cupola, and a base : 
that part of a building on which a 
cupola is placed. 

Tholus, an appellation given to all 
buildings of a circular form. Vi- 
truvius uses it to signify the roof of 
a circular building. 

Thorina, a primitive earth, with a 
metallic basis, discovered in 1828 by 
Berzelius. It was extracted from 
the mineral thorite. 

Thorium, a rare metal. (See Metals.) 

Thowl, a piece of timber by which 
oars are kept in their places in row- 
ing- 
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P Three -quarter, a portraiture mea- 
suring 30 inches long and 25 wide. 
Throat, in skip-building , the hollow 

part of knee-timbers. The front 

aperture of the annealing arch of a 
furnace : the back door of the anneal- 
ing arch is called the little throat. 

Also in botany , the opening, or 

orifice of a monopetalous corolla. 
- On shipboard , the wide end of 
a gaff next the mast : the opposite end 
is the peak. 

Throttle -valve, a valve in the steam- 
pipe of an engine, for regulating the 
supply of steam to the cylinder. In 
land-engines it is generally con- 
nected to a governor. 

Throwing a head, in soap-making , 
when a white frothy matter floats 
in the top of the copper, which is 
boiling mottled or curd soap. 
Thrust, in architecture , the horizon- 
tal force of an arch, by which it acts 
against the piers from which it 
springs. Also a similar action of 
rafters or of a beam against the 
walls which bear them. 

Thumer stone, a mirferalogical name 
for axinite, first found at Thum, in 
Saxony. 

Thurible, a center u«e«l in some of 
the services of the Homan Catholic 
Church, made usually of metal, in 
the form of a vase, in which the 
incense is burnt, and in which it is 
fumed. 

Thurl, a long adit in a coal-pit. 
Thymele, in antiquity , a sort of altar, 
surrounded with steps, placed in 
' front of the Greek stage or orchestra. 

Thyrorea, the doors of a Greek tem- 
ple or house. 

Thyroreum, a passage in the houses 
of the Greeks, nt one end of which 
was the entrance from abroad, and 
at the other the doorway leading to 
the peristyle. 

Tiara, an ornament for the head, an- 
ciently used by the Persians. 
Ticketings, the sales of copper and 
lead ores. The adventurers or their 
agents meet together, and whilst 
sitting round a table, each buyer 
gives m his ticket, offering a certain 
sum per ton for so many tons of ore. 
The tickets arc then read aloud hv 
the ( clerk of the ticketing?,’ and 
the persons present note the prices 
offered, the lots or different samples 
uemg sold to the highest bidder. 


Tide, the natural fluctuation of the 
water of the sea and some rivers, 
whereby it increases and diminishes 
its quantity at particular times and 
places, the first being called the tide 
of flood, the last the tide of ebb : 
when the tide or flow of water runs 
against the wind, it is called a wind- 
ward tide, in which case the sea 
breaks most, and runs highest. 

Tide-gauge, an instrument for mea- 
suring the rise and fall of the tide. 
A useful tide-gauge was invented 
by Mr. Meik, the engineer of Sunder 
land Harbour, whose attention had 
been for some time directed to the 
necessity of haring conspicuous tide- 
gauges erected at all harbours and 
clocks. Entrusted with the manage- 
ment of a tidal harbour with an 
intricate and narrow channel, and 
where frequently from 150 to 200 
sail of vessels entered or quitted 
during a single tide, he perceived 
that the number of vessels that 
could safely depart on their outward 
voyage depended not only on tho 
extent of each tide, but also on the 
knowledge of those in charge as to 
the rate of its flow, by which alone 
they would be enabled to form a 
correct judgment as to the sufficiency 
of water to enable the vessels to 
proceed to sea. 

It was evidently essential that any 
tide-gauge for this purpose should 
be rendered intelligible to seamen of 
all grades, and so situated as to bo 
seen from all vessels in time to allow 
the course of those outward hound 
to be checked, should there not be 
sufficient depth of water to enable 
them to pass over the bar; or 
should the vessel be inward bound, 
and the depth indicated by the 
gauge proved insufficient, she might 
be brought up, or put off again to 
sea ; also if the vessel was at anchor, 
in the roadstead, the captain on 
board should be able to know, from 
prominent characters, the earliest 
time at which he could take the 
harbour. 

The first port provided with a 
regular set of signals for this pur- 
pose was that of Leith. The 
signals used there are very complete, 
and, with the assistance of a careful 
man to work the system according 
to the rise of the tide, are of essential 
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benefit to the shipping. But few 
seamen pay sufficient attention to 
matters of this kind to carry in their 
memory the exact depth of water 
corresponding to the signals shown ; 
and before the book is consulted, the 
vessel may be driven on the shore, 
or stranded on the bar. 

The signals at Leith, although per- 
fect of their own kind, are used only 
during the day ; while it is evident 
that night is the time when they are 
most required by seamen, to inform 
them of the state of the tide. By 
day they generally have some im- 
perfect mode of arriving at the 
depth of water, by observing when 
the tide reaches certain points on 
shore, or covers some known rocks at 
sea ; but at night they cannot guess 
at the tidal flow even by such in- 
accurate means, and consequently 
the gauge-marks or figures should 
have the property of being clearly 
distinguished by night as well a* by 
day, otherwise little advantage wiil 
be gained, nor will the loss of life 
be materially lessened. 

From these considerations, and for 
the purpose of exhibiting the advan- 
tages to be derived from their adop- 
tion at the different ports, a self- 
acting tidal gauge, combining the 
above-mentioned properties, as far 
as relates to outward-bound ships, 
has been erected at Sunderland 
Harbour, by Mr. Meik, in conjunc- 
tion with Mr. Watson, of Newcastle. 

The construction of the gauge is 
as follows : A well, carefully boxed 
in, and of similar depth to the water 
on the bar, is sunk below the build- 
ing which contains the apparatus. 
Within this well, in an interior pipe 
or trunk, and rising and falling with 
the tide, works a float suspended by 
a copper wire cord, which is carried 
over a spiral cone fixed in an upper 
story of the building. By the simple 
arrangement of a wheel and pinion 
at the opposite end of the axle to 
which the cone is fixed, a web of 
wire gauze works on two rollers 
fixed at the upper and lower ends of 
the web. The lower roller is regu- 
lated by the movement of this wheel 
and pinion ; the upper one by a 
balance-weight attached to a copper 
wire cord, which also passes over 
another spiral cone, having at the 
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extremity of its axle a second wheel 
and pinion similar to the first. As 
the float rises and falls with the tide, 
the wheels and pinions connected 
with the cones, over which the cords 
of the float and balance-weight 
respectively pass, move the rollers 
on which the gauze web travels. On 
this web are painted in large figures 
the various depths from high to low 
water, and as the -web works, two 
fixed pointers indicate the number 
of feet and half feet on the bar at 
any hour of the tide. 

The web and the figures on it can 
be made of any size, and to travel 4, 
G, 8, 10, or any other proportion to 1 
of the float, by regulating the size ot 
the wheels and pinions. By day the 
figures on the web are shown white 
on a black ground ; by night they 
appear distinctly lighted up, the 
ground still remaining dark. A 
white transparent varnish is used 
for the figures, and an opaque black 
for the ground. The illumination 
by night is so steady and powerful, 
that the figure*, if made large 
enough, and the apparatus fixed at 
a sufficient elevation, are visible at a 
considerable distance at sea, and 
thus afford vessels the means of 
knowing the exact depth of water at 
the mouth of any harbour before 
entering it. This simple piece of 
mechanism is applicable to all places 
where the want of a correct and con- 
spicuous gauge has been felt, not 
only in harbours and docks, but at 
railway stations, for signals and 
such-like purposes. The apparatus 
used occupies so little space, that it 
can all be contained and w orked in a 
column or pillar, without any other 
building. 

In the same building is erected, 
for the Commissioners of the River 
Weir, a self-registering tide-gauge, 
to which is also fixed a barometer. 
The working of this self registering 
gauge, which has for some time been 
in u-e at a few other ports, is as fol- 
lows : — A pencil is fixed in a rack, 
which registers the variations of the 
tide, the time of each change being 
also marked ; and immediately 
under which is a cylinder. On this 
is fastened a sheet of paper, properly 
ruled for the purpose, and of suffi- 
cient size to receive the variations of 
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the tide, traced by the pencil, for 
fourteen days. The rack contain- 
ing the pencil is connected with a 
wheel, over which a copper wire cord 
passes, having attached to it a float, 
which works in a well of similar 
construction to that already de- 
scribed as used for the new’ tide- 
gauge. This float and cord move, 
by the action of the tide, the rack 
and the pencil in it, and trace the 
diagram on the paper below. A 
dial on one side of the rack is 
worked by the same machinery, 
and points out as a clock the hours 
and minutes of the day, and the 
number of feet from high to low 
water. 

A time-piece, furnished with a 
strong minute hand, gives the re- 
volving movement to the cylinder on 
which the paper is rolled, and serves 
to mark the time of the variations 
of the tide. The float and wheel, in 
fact, are the means of showing the 
depths of water ; the time-piece, the 
exact hour and minute of each 
change of tide. 

Tie-beam, a beam which acts as a 
string or tie, to hold together two 
things which have a tendency to 
spread apart. 

Tie -rod, a -wrought-iron bar or rod 
for bracing together the frames of 
steam-engines, roofs, etc. 

Tierce, a vessel containing forty-two 
gallons, or the third part of a pipe. 
In the Komish Liturgy, it is one of 
the canonical hours for prayers, viz. 
eight in the winter, and ten in the 
summer, at night. At cards, it is a 
sequence, or three following cards of 

one suit. In heraldry , it is the 

division of a shield into three equal 
parts. 

Ties, in navigation , the ropes by which 

the yards hang. In mechanics , 

tension-rods. 

Tiger- wood, a wood much used by 
cabinet-makers ; it is the heart-wood 
of the MachtErium Schomburkiiy a 
native of British Guiana. 

Tigna, the principal timbers of a roof 
extending across ancient temples, 
in contradistinction to the trabes, 
which were timbers placed upon 
the columns or walls in the same 
direction with them. The tigna 
correspond to our tie-beams. 

Tile-ore, an impure oxide of copper, 
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of a brick-red or reddish-brown 
colour. It is an earthy variety of 
red copper, mixed with variable 
proportions of hydrous oxide of iron 
or limonite, and is found at Hue* 
Edward, and in several of the Corn- 
ish mines near Bedruth. 

Tiles, baked clay in thin plates of 
different shapes, used to cover roofs. 
Tiles curiously and richly orna- 
mented were formerly used in the 
early Christian churches for pave- 
ments. Tiles are again very com- 
monly used for'pavemeuts in church- 
es and other buildings. 

Tiller, a piece of timber fitted into the 
head of a rudder, to which it forms 
a handle. 

Tilt, a small awning over the stem- 
sheets of an open boat. 

Tilt-hammer. The most simple ma- 
chine by which iron is forged is 
the German forge-hammer, often 
called the tilt-hammer. This ma- 
chine, often of a fanciful form, is 
very extensively employed. The 
leading principle sought in its con- 
struction is solidity ; and various 
forms have been invented to give 
permanency to the structure, which 
is mainly endangered by the action 
and re-action of the strokes. The 
cast-iron tilt-hammer varies in 
weight, according to the purposes 
for which it is designed, from 50 
to 400 pounds. For drawing smaU 
iron and nail rods, a hammer of 
the former size is sufficiently heavy; 
but fur forging blooms ol from 60 
to 100 pounds in weight, a ham- 
mer weighing 300 or 400 pounds 
is employed. Such a hammer 
should be cast from the strongest 
grey iron, and secured by wooden 
wedges to the helve. 

Timber-framed roofs. Timber- 
framed roofs occur in the great 
halls of castles and palaces. Those 
at Westminster, Christchurch (Ox- 
ford), and Hampton Court, are 
scarcely inferior hi beauty and 
constructive skill to stone vaults. 
(Dali. p. 41.) 

The fashion of timber-framed 
roofs originated about the reign of 
Edward III., as applied to great 
balls. They are common about 
1400 in churches, to which the 
stone vaulting prior to that date 
seems to have been peculiar. The 
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first Norman cattles had arches of 
stone in their halls, as had all those 
built by Edward I. in North Wales. 
(Ibid.) 

The skill in construction is ac- 
knowledged to be great in the tim- 
ber roofs alluded to, but none of 
them can vie in beauty with the 
best executed roofs of stone. 
Nearly all the tracery and carving 
existing in timber roofs are 
clumsy, ill-formed, and unhand- 
some. The eileet was sometimes 
grand, but never elegant. The 
effect of time also on the material 
produces cracks and chasms, which 
offend as much as ill workman- 
ship, and indeed destroy that w hich 
was once good. In stone the 
softening of the edges and slight 
mutilations add richness and va- 
riety without injury to the repu- 
tation of the workman, because 
enough usually remains perfect to 
attest liis skill and taste. 

Timber-man, in mining , the man em- 
ployed in placing supports of tim- 
ber in the mine. 

Timbers, in ship-building, the ribs 
which branch outwards from the 
keel in a vertical direction. 

Timbers in the head, in diip-budd- 
ing y pieces with one end homing on 
the upper cheeks, and the other ex- 
tended to the main ^rail of the 
head. 

Timbers of ermine, a term in ar- 
moury or blazon ; the rows or ranks 
of ermine in noblemen’s capes. 

Timbre, a word borrowed from the 
French, and u*ed in acoustics to 
signify flic quality of a musical 
sound, termed by the Germans 
Klangfarbe , sound tint. 

Tin. The ores of this very useful 
metal are found as rolled pebbles in 
the beds of rivers, in alluvial de- 
posits called tin-streams, and in lodes 
ormineial veins in Cornwall, Devon- 
shire, and other places. It is gene- 
rally as an oxide, but sometimes it 
occurs as a sulphide, and occasionally 
associated with other metals, as with 
copper, forming what is called hell- 
metal ore. This is a silvery white 
metal, with a very slight shadoof 
yellow : the purest is the grain-tin, 
which is prepared from what is 
found in the river-beds, and known 
as stream-tin, and is judged by its . 


slitting when a mass is heated till 
it is brittle and allowed to fall from 
a height. It is very malleable and 
soft ; it dissolves in hydrochloric 
acid, evolving hydrogen gas ; nitric 
acid converts it into a hydrated bin- 
oxide. 

Tix, cast. Specific gravity, 7*291 
(Brisson) ; weight of a cubic foot, 
455*7 lbs. ; weight of a bar 1 foot 
long and 1 inch square, 3*165 lbs. ; 
expands in length by 1° of heat, 
T=Un (Smcaton) ; melts at 442° 
(Crichton) ; will bear upon a square 
inch, without permanent alteration, 
2.<%0 lbs., and an extension in 
length of x^/o ; modulus of elasticity 
for a base of an inch square 4,608,01)0; 
height of modulus of elasticit}’’, 
1.453,000 feet ; modulus of resilience, 
1‘8 ; specific resilience, 0*247 (Tred- 
goUl). 

Tinfoil, pure tin beaten, out into a 
thin .sheet, but frequently it is a 
mixture of tin and lead. 

Tin, oxide of. When tin is digested 
in strong nitric acid, a whitish 
powder is deposited, which, after 
being washed, and subsequently 
filled and pulverised, is known in 
the arts under the term putty- 
pnirdcr, and is used for polishing 
gin*', stones, etc. 

Tin white resembles zinc w’hite in 
many respects but dries badly, and 
has even less body and colour in oil, 
though superior to it in water. It is 
the ha-is of the best white in enamel 
painting. There are various other 
metallic whites of great body and 
beauty, such as are those of bismuth, 
antm < ny. quicksilver, and arsenic : 
but none ct them are of any value or 
reputation in painting, on account of 
their giont disposition to change of 
colour, botli by light and foul air, 
in water and oil. 

Tin-bounds. Certain measured por- 
tions of tin-producing country were 
formerly so called. 

Tincture, a staining or dyeing ; al-o 
a term in heraldry, signifying a 
variable hue of arms*. 

Tine, m metallurgy, a modification of 
the Trompe (which see) adopted by 
the French. 

Tinsel, a kind of cloth composed of 
silk and silver, glistening like stars 
or sparks of fire. 

Tire, m mechanics , the strong iron 
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„ hoop that binds the circumference 

*s| of a wheel. 

* ?|rires, of locomotive engines, the out- 
side hoops round the wheels, gene- 
rally with a flange to keep and guide 
them on the rails. Stephenson’s 
patent engine and eight-wheeled 
engines are usually made without 
flanges on the tires of the driving 
wheels. Some tires are steeled on 
the part subjected to most wear, 
which renders them more durable. 
The best tires are now manufactured 
without a weld. 

Titanate of iron (Titaniferous 
iron. Iron sand) is an oxide of 
iron, and titanic acid, and belongs to 
the class of the magnetic oxide*. 
It is attracted by the magnet, is of 
a deep black colour, metallic lu>tre, 
very hard, ami perfectly opaque : 
melts into a bl ick slag by a high 
temperature. It is generally found 
in volcanic rocks. In Norway, im- 
mense masses of titaniferous iron 
exist, some of which is imported 
into this country. 

Titanium, a rare metal discovered by 
Klaproth in 1791. This metal is 
very brittle, so hard as to scratch 
steel, and very light, having a spe- 
cific gravity of only 5*3. It will not 
melt in the heat ol any furnace, nor 
dissolve, when crystallised, even in 
nitro-muriatic acid, but only when 
in fine powder. 

Toad’s-eye tin, a pale hair-brown 
variety of wood tin found at several 
mines near Tregurthy Moor in Corn- 
wall. 

Tod, a weight used in weighing wool : 
it contains twenty-eight pouuds 
avoirdupois. 

Toise, a measure of length equal to 
six feet of French measure or 
1*949040 metres equivalent to 
6*8945925 English feet. In old 
English the equivalent of toise, tty 
or tegs, is the same as the fathom. 

Tolu, a brownish-red balsam, extracted 
from the stem of the Myroxylon 
toluiferum , a tree which grows in 
South America. It has an agreeable 
odour, and is sometimes used in per- 
fumery. 

Ton, a weight which varies in different 
districts : the common ton is 20 cwts. 
of 1 12 lbs., or 2,240 lbs. ; in Cornwall 
the miner’s ton is 21 cw ts. of 112 lbs., 
or, 2,352 lbs, 
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Tonic, in music , the principal or key 
note of the scale. 

Tonnage, a word originally meaning 
the number of tons' weight which a 
vessel might safely carry; now used 
to denote the gauge of a ship’s di- 
mensions, and the standards for 
tolls, dues, etc. 

Tontine, a term derived from the 
name of the inventor, Lorenzo Tonti, 
a native of Naples, who originated 
the scheme so called, first adopted m 
1653 in France. The subscribers 
were divided into ton classes, accord- 
ing to their age*, or were allowed 
to appoint nominees, who were so 
divided ; and a proportionate annuity 
being assigned to each class, those 
who lived the longest had the benefit 
of their survivorship, by the whole 
annuity being divided amongst the 
diminished number. Some remark- 
able cases have occurred in England : 
a tontine of a recent date consisted 
of a less number than ten members, 
all of whom, with the exception of 
one, died within a very few years 
from the commencement, leaving 
this survivor in the receipt of an 
enormous sum of money annually, 
derivable fiom the profits of the 
undertaking, which are unvarying. 

Tools, instruments employed in the 
manual arts for facilitating mecha- 
nical operations, namely, hammers, 
punches, chisels, axes, adzes, planes, 
saws, (hills, tiles, etc., by means of 
percussion, penetration, separation, 
and abrasion of the substances ope- 
rated upon ; for all of which opera- 
tions various motions are required 
to be given either to the tool or to 
the work. In handicraft work the 
tool receives motion, but in self- 
a< tmg or automatic tools motion 
may be given to either. In the case 
of the turning lathe, the tool remains 
fixed, and the object moves. In that 
of the planing machine, the tool may 
remain fixed, or be made to move 
according to the duty required to be 
performed. In almost all other 
machines, such as the slotting, the 
key-grooving, the punching, the 
drilling, the nut-cutting, the teeth of 
wheels cutting, the boring, the 
screw-cutting machines, the tools 
receive motion. In the screw, bolt, 
and nut machines the tool is either 
movable or fix'xl. Th: use of liandi- 
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craft tools is coeval with the earliest 
periods of antiquity, and the recent 
researches of modem travellers have 
proved the ancients to have been 
acquainted with almost all the tools 
now in use. The potter’s wheel, the 
axe, the chisel, the saw, etc., attest 
the perfection to which the mechani- 
cal arts were carried by the Greeks 
and Romans; and subsequently in 
the arts of turning exhibited by the 
Dondi family, in the construction of 
their clocks and of machines for 
spinning silk, in the middle of the 
13th century in Italy, and after- 
wards by Bessoni, De fa Hire, De la 
Condamine, Grand Jean, Plunder, 
and Morin. The three plates of 
Bessoni show the different modes of 
turning and cutting screws of all 
sorts of fancy work. Dc la Hire 
shows how all sorts of polygons may 
be made by the lathe, and Conda- 
minc shows how a lathe may be 
made to turn all sorts of irregular 
figures by means of tracers moved 
over the surface of models and sculp- 
tures, medals, etc. ; and this ib per- 
haps the first idea of the machine 
called the Tour u Portrait. 

The work of Plunder enters most 
•extensively into the art of turning, 
for he shows the construction of the 
lathe and its different parts, the art 
of making, hardening, tempeiing, 
and sharpening tools, the different 
kinds of motions which may be 
given to the lathe by means of 
wheels, eccentric 5 , and models, and 
the different inventions relative to 
works of art which have been per- 
formed by the lathe, among which 
may be mentioned the movable or 
slide rest. In the common rest 
which supports the tool, the idea of 
fixing the tool and pushing it in the 
direction of the parallel bed of the 
lathe, so as to cause the tool to tra- 
verse the work parallel to it, must 
have been obvious ; and as this 
could have been easily effected by 
means of the screw and handle, it 
lequired little ingenuity to carryout 
the idea to its fullest extent, by con- 
structing a icst to allow of the slide 
traversing the horizontal or vertical 
plane in any direction. The machine 
described by Plunder is neither more 
nor less than the slide-rcot and 
planing machine combined : it con- 
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sists of two parallel bars of wood or 
iron connected together at both ex- 
tremities by bolts or keys of suffi- 
cient width to admit of the article 
required to be planed : a movable 
frame being placed between the two 
bars, and motion being given to it 
by a long cylindrical thread, is ca- 
pable of giving motion to any tool 
which may be put into the sliding 
frame, and consequently either caus- 
ing the screw, by means of a handle 
at each end of it, to push or draw the 
point or cutting edge of the tool 
either way. If also motion be given 
to the tool, by means of guides, up- 
wards or downwards, it is evident 
that any kind of reticulated form 
can be given to the work, as in 
the machine described by Plunder, 
which was intended for ornamenting 
the handles of knives, and which 
is called by Plunder, Machine a 
Manche de Couteau d' Angleterre, 
from its having been an English in- 
vention. The Machine a Canneler y 
described by Bergeron, a mode of 
grooving columns, is probably de- 
rived from the same source, from its 
resemblance to the English machine. 
The ordinary planing machine, in 
more recent times, is said to have been 
suggested by the grooving or fluting 
of the drawing rollers used in cotton 
machines, shortly after the introduc- 
tion of Arkwright’s inventions. The 
patent of Sir Samuel Bentham in 
1793, for various new methods for 
working wood, metal, and other 
materials, certainly contemplates the 
working of tools similarly to the 
tools employed in the planing ma- 
chine, as it comprehends giving all 
sorts of motion to tools ; and the 
patent of Joseph Bramah, taken out 
in 1802, was * for machinery for pro- 
ducing straight, parallel, and smooth 
surfaces and other materials requir- 
ing truth, in a manner more expe- 
ditious and perfect than can bo 
performed by the use of axes, screws, 
planes, and other cutting instru- 
ments used by hand in the usual 
way.* 

Billingsby, of Birkenshaw, took 
out a patent in 1802, for boring 
cylinders in a vertical position, al- 
though horizontal machines had 
their advantages. The boring of 
large cylinders by horizontal ma- 
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chines had long been practised by 
Smeaton, Wilkinson, W alter, Darby, 
and Boulton and Watt, and at But- 
terly and other great iron-works ; 
but "it was many years subsequently 
that the vertical boring machines 
came into use. 

As respects the introduction of the 
first planing machines which have 
been used during the present cen- 
tury, opinions are at variance. 
Messrs. Fox, of Derby, the eminent 
tool-makers, state that the first ma- 
chine employed for this purpose was 
constructed by Mr. Fox, senior, in 
the year 1821, for the purpose of 
planing the wrought and cast iron 
bars used in the lace machines : the 
machine was capable of planing an 
article 10 feet 6 inches in length, 22 
inches in width, and 12 inches in 
depth. Others give the credit of the 
invention to Manchester, and G. 
Rennie, Esq., puts in a claim for 
constructing a planing machine 
with a movable bed, urged by an 
endless screw and rack, and fur- 
nished with a revolving tool, so 
early as 1820, having several years 
previously employed the principle 
for grooving and planing parallel 
bars. 

Mr, Bramah, in 1811, adapted 
the revolving cutter to plate-iron. 
Mr. Clement states that he made a 
planing machine, for planing the 
sides of weaving looms and the tri- 
angular bars of lathes, previously to 
1820. He afterwards constructed a 
beautiful machine for plauing large 
and small work with the greatest 
accuracy. The bed moved on rollers, 
and the tools cut both ways. The 
beautiful work executed by this 
tool, for Mr. Babbage’s calculating 
machine, evinces the perfection of 
its performance. It is thus by the aid 
of automatic tools that the greatest 
precision and identity of parts in ma- 
chinery are produced ; and it is pro- 
bable that, ere long, the chisel, the file, 
and the grindstone will be banished 
from the factory, and that nicety of 
parts and uniformity and silence of 
action, blended with the science of 
construction, will eventually super- 
sede the expensive and imperfect 
construction of the handicraft sys- 
tem, Subsequently very important 
tools have been invented by Sir 


Joseph Whitworth, of Manchester. 
For the slide-rest and other tools 
see second edition of * Rudimentary 
Mechanism.’ 

Toon wood is of a reddish-brown 
colour, rather coarse-grained, much 
used all over India for furniture and 
cabinet work. 

Toothing, in architecture , bricks 
alternately projecting at the end of 
a wall, in order that they may be 
bonded into a continuation of it when 
the remainder is carried up. 

Top, in naval language , a small light 
platform around the lower mast 
head. 

Top and Bottom, in metallurgy , the 
name given to an invention by Mr. 
William Daniell. It consists in 
doubling one half of a plate of iron 
upon the other half, and rewelding it 
in the reheating furnace. 

Top and But, in ship-building, the 
general method of working the 
English plank (except in the top- 
side) to make good work and con- 
version, which is by disposing of 
the top-end of every plank within 
6 feet of the but-end of the plank 
above or below it, leaving all the 
planks to work as broad as possible, 
so that every other seam is fair. 

Topaz, a pellucid gem, generally of a 
yellowi.di colour, consisting of alu- 
mina, silica, and fluoric acid. It is a 
variety of sapphire, and is sometimes 
found having a green or blue shade, 
and sometimes it is colourless. 

Topaz rock, a rock which occurs in 
veins in the mica slate of Saxony ; 
it is composed of quartz, tourmaline, 
lithomarge, and topaz. 

Topia, a fanciful style of mural deco- 
rations, which somewhat resembled 
Chinese landscapes, much used in the 
Pompeian houses. 

Top-ch.ains,on shipboard, chains used 
in action, by which the lower yard is 
hung in case of the slings being shot 
aw a}'. 

Top -gallant mast, that which is next 
above the topmast. 

Topping-lift, on shipboard, tackle for 
raising the outer end of a gaff or 
boom. 

Top-timbers, in skip-building, the up- 
permost timbers ; the first general 
tier of timbers that reaches the top 
of the side are, or should be, called 
top -timbers; those which scarf oa 
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the heads of the upper futtock are 
called short timbers. 

Toreutic, a name given to the art of 
working , ivory with gold, as in the 
statues and thrones by Phidias. 

Torref action, the operation of roast- 
ing ores to deprive them of sulphur, 
nr.-enic, or other volatile substances. 
When drugs arc highly dried, or 
partially toasted or roasted, they are 
also said to be torrefied. 

Torricellian tube, in pneumatics , a 
glass tube named after the inventor, 
open at one end and sealed at the 
other. In fact, a barometer tube. 

Torricellian vacuum. The space 
left when a Torricellian tube is filled 
with mercury, and inverted in a 
trough of that metal. 

Torrid zone exteuds from the equa- 
tor on both sides degrees. 

Torsion is the force with which a 
thread of wire returns to a state 
of rest after it has been twisted by 
being turned round on its axis. 

Torsion-electrometer, an appai atus 
for measuring the intensity of elec- 
tricity. 

Torso, a term applied to statues fiom 
which the limbs and head have been 
broken. 

Tortoiseshell, the shell or liomy 
plates of the tmtoEe, used for many 
ornamental purposes. 

Torus, the convex member of the 
Tuscan and Ionic bases. In the 
Attic base there is Loth an upper 
and lower torus. 

Tossing, Tozing, or Terloobing, in 
mining , a process consisting in sus- 
pending ores by violent agitation in 
water : their subsidence being accele- 
rated bv packing, the lighter and 
worthier matter remains uppermost. 

Touchstone, a compact siliceous 
stone of a smooth nature, used by . 
jewellers for determining the purity 
of gold and silver, by rubbing the 
precious metal on the stone. It is 
aLo called Lydian stone. 

Tourmaline, a well-marked group of 
rhombohedral double silicates. The 
crystals are brittle, have a vitreous 
lustre, black, brown, blue, green, red, 
or white in colour ; some specimens 
have one part of the crystal one 
colour, and the other part another; 
some are transparent, some opaque. 
Transparent tourmalines transmit 
light only when polarised in a plane 
4b(> 


perpendicular to their principal 
axis. 

Tow, in mining , soft fire-clay occurring 
in the roof of the coal, used only 
in Leicestershire. 

Tower, an elongated vertical building 
variously formed and constructed in 
different countries. 

Town Hall, Mansion House ; in 
Trance, Hotel de Yille ; in Italy, 
Palazzo Publico ; in Holland, Stad- 
liaus ; an edifice in which all the 
municipal law's and regulations and 
the interests of a city are conducted. 

Tracery, that species of pattern-work 
formed or traced in the head of a 
Gothic window by the mullions be- 
ing continued, but diverging into 
arches, curves, and flowing lines 
enriched with foliations. 

* Each country,’ says Mr. Garbett 
in his ‘Rudimentary Treatise on 
the Principles of Design in Archi- 
tecture,’ ‘ has had its successive 
styles of tracery, and each has 
begun with the simple subdivision 
of one arch into two, and these 
sometimes into two again. Ailing 
up the space between the heads 
with a circle, as at Marburg; a 
foiled circle , as at Salisbury chap- 
ter-house, and the aisles of Co- 
logne ; or finally a fod-circle f as 
at Westminster, and the clerestory 
of Cologne, where it is subfoiled; 
tkence proceeding to pack together 
such forms over an odd number of 
lights, to which the method of con- 
tinual bisection would not apply, 
as the aisles of York ; and thus 
the first kind, which may be called 
packed tracery, became complete. 
Deviations from the principle of 
packing led to the general tracery, 
absurdly called 4 * geometrical for 
all Gothic tracery is geometrical, 
none is hand-drawn. This beauti- 
ful purely unmeaning tracery was 
succeeded in all countries by the 
flowing loop or leaf, and then by 
the peculiar national After-Gothic. 
Germany, however, as it bad been 
the first to perfect, was also the 
last to abandon the “ geometrical ” 
tracery, which continued there 
even into the fifteenth century, our 
Perpendicular Period. England and 
Fiance, how r ever, in the fourteenth 
century, abandoned the unmeaning 
for the flowing lcaf-tracery ; »nd 
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to be overcome by the moving power 
and the weight on the wheel will 
become less as the diameter of the 
wheel is increased: also the most 
advantageous direction in which the 
force of traction can be exerted is 
perpendicular to the line of pressure 
drawn from the centre of the wheel 
to the obstacle. But the height of 
the wheels cannot exceed certain 
limits, depending on the use to 
which the carriage is applied ; and 
when the latter has four wheels, the 
height of those which are in front 
m list be such only as will allow it 
to be turned round within a given 
space : also, when a horse is employed 
to move a carriage, attention must 
be paid to the conditions under 
which his power may be advan- 
tageously exerted. 

It was first observed by M. De- 
parcieux, and published in the 
* Memoires de F Academic des Sci- 1 
ences,’ 1700, that horses draw heavy I 
loads rather by their weight than by 
their muscular force. Sir David I 
Brewster has also remarked that 
when the resistance is great, a horse 
lifts both its fore-feet from the ' 
ground ; then, using his hinder feet 
as a fulcrum, he allows his body to 
descend by its weight, and thus 
overcomes the obstacle : and it may 
be added, that when this action takes 
place with a two-wheeled carriage, 
if the loading is disposed so that 
some portion of it may press on the 
horse's back, the effect of the animal’s 
weight will thereby be increased. 
Now, if the traces, or the shafts of 
the carriage, were attached to the 
horse's collar, near liis centre of 
gravity, a line imagined to be drawn 
from the latter point to his hinder 
feet may represent his weight, and a 
line drawn perpendicularly from his 
feet upon a plane passing through 
the traces or shafts may represent 
the lever of resistance ; but while 
the former line remains the same, 
this lever becomes less as the plane 
of traction (that of the traces or 
shafts) inclines more upwards from 
the wheel: and therefore, in order 
that the power of the horse may be 
advantageously applied, the diame- 
ter of the wheel should be as small 
as is consistent with other circum- 
stances. 
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Experiments have shown that 
when the angle of traction, as it is 
called, that is, the angle which the 
plane of the traces makes with the 
road on which the carriage is mov- 
ing, is 15 or 16 degrees, a horse 
pulls with good effect ; and the 
height of the points at which the 
traces are attached to a horse’s 
collar being about 4 feet 6 inches 
from the ground, it follows that, in 
order to obtain this inclination, the 
lower extremities of the traces or 
shafts should be 2 feet 3 inches 
from the ground. In general, how- 
ever, in two-wheeled carriages the 
height of these extremities is about 
3 feet. 

As an example of the force of 
traction exerted by steam, it maybe 
stated, that on a level line of railway, 
an engine with an 11-inch cylinder, 
and having an effective pressure of 
50 lbs. per square inch in the boiler, 
drew 50 tons at the rate of 30 miles 
per hour, working 10 hours daily; 
and that the same engine, with an 
equal pressure in the boiler drew 
ICO tons at the rate of 15£ miles per 
hour. 

Trade winds, winds which in the 
torrid zone and often a little beyond 
it, blow generally from the same 
quarter, varying according to cir- 
cumstances from N.E. to S.E. 

Trafalgar, in printing, the name of a 
largo type ii^cd in printing hand- 
bills or posting-bills. 

Trail, a running enrichment of leaves, 
flowers, tendrils, etc., in the hollow 
mouldings of Gothic architecture. 

Trail-boards, in ship-building , the 
carved work between the cheeks : 
that which is fastened to the knee of 
the head. 

Trailing springs, the springs fixed 
on the axle-boxes of the trailing 
wheels of a locomotive engine, which 
bear slightly against the side frames, 
so as to leave as much weight as 
possible upon the driving springs, 
and to assist in deadening any shock 
which may take place. 

Trailing wheels, the wheels placed 
behind the driving wheel of a loco- 
motive engine. 

Training walls, walls built up to 
determine the flow of water in a 
river or harbonr. 

i Traits de Jupiter. (See Scarfing .) 
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Trajectory, the curve which a body 
projected in space describes ; the 
orbit of a comet or planet, or the 
path of a stone thrown upwards 
in the air, or of a ball iired from a 
cannon. 

Tram road, a road aitificially formed, | 
having tracks or ways termed of 
iron, stone, or wood, on which the i 
wheels of carriages mn. The object 
in view is to produce a surface of 
tolerable uniformity, so that, by 
avoiding faction, heavy weights 
maybe moved uith facility. It i-> 
estimated that the resistance to 
rolling motion on a level tram road is 
less than one-tenth of that which is 
exerted by an ordinary paved or 
Macadamised road ; therefore a 
horse on a well-coii'-tructed tram- 
road can move neaily ten times that 
which it can draw under ordinary 
circumstances. The ordinary tram 
way of the streets, now used for 
omnibuses, is formed of cast-iron 
plates with a flaunch to guide the 
whet Is of the cairiages. 

Trammel, a rod of iron or wood, with 
sliding pieces having points which 
can be fixed at any distance apart ; 
used for drawing circles or setting 
off distances. 

Transept, the transverse portion of a 
cruciform church; that part which 
is placed between and extends be- 
yond those divisions of the building 
containing the nave and the choir. 

Transit, a term expiessing the pas- 
sage of a railway train, etc. In 

astronomy , the passage of any hea- 
venly body over a larger one, as of 
Mercury or Venus over the sun. 

Transition, as applied to the archi- 
tecture of the middle and later ages 
the progress of changing from one 
style to another. Theie were several 
periods of transition: Romanesque 
to Saxon, Norman to Early English, 
Early Engli-h to Decorated, from 
the Decorated to the Perpendicular 
to that of the Tudor and to tint of 
the Elizabethan age. 

Translation, in fate, the removal of 
a bidiop from one See to another. 
— — hi mechanic*, the motion in 
virtue of which the several pai tides 
of a body describe equal and parallel 
right lines. 

Translucent, literally, to shine 
through , semi-transparent, 
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Translucid enamel. * A process of 
enamelling introduced in the four- s 
teenth century. It originated ini 
Italy, and its peculiarity consisted in j 
the subject of the picture being de-V 
lined and shadowed in dark lines 
beneath a transparent covering of 
coloured enamel.’ — Fairholt. 

Transom, a horizontal mullion or 
cross-bar in a window. The mo^t 
ancient examples are found in the 
Daily English style. In carpen- 

try , a thwart-beam or lintel over a 
door. In ship-building, certain tim- 
bers extending across the stem-post 
of a ship, to fortify and strengthen 
it. In mathematics , the vane of an 
instrument called a cross-staff, being 
a piece of wood fixed across, with 
a square socket upon which this 
slide*. 

Transparency, that quality of cer- 
tain bodies by which they transmit 
the rays of light, in contradistinction 
to opacity. 

Transparent and Opaque Colours 
arc terms applied to such colours as 
will transmit and such as will only 
reflect light. White lead is an 
opaque colour, gamboge is a transpa- 
rent colour. Tran&parent and opaque 
painting are used to produce diora- 
mie effects. 

Transposition, in music , the chang- 
ing a tune or lesson, and putting it 
into a higher or lower key or clef. 

Transtra, horizontal timbers in the 
roof of a building. The term is 
applied to the transverse beams of a 
gallery which extend from side to 
side and connect the ribs, in the 
same manner as those horizontal 
pieces connect the axis or principals 
of a roof. 

Transudation, the oozing of fluids 
through membranes or through 
porous bodies. The process is 
effected by cither endosmosis or 
e.r osmosis, which are forms of a 
peculiar mechanical power belong- 
ing to porous bodies, which has been 
r.amed osmose force. Literally these 
terms signify flowing in and flowing 
out. 

Transverse, in geometry , something 
that goes across another, from corner 
to comer, like the diagonals of a 
square or parallelogram. 

Transyte, a narrow or triforial pas- 
sage. 
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Trapezium, in geometry , a plane 
figure contained under four right 
lines, of which the opposite sides 
are not para 1 lei. 

Trapezoid, an irregular figure whose 
four sides are not parallel, resem- 
bling a trapezium. 

Trass, or Terras, a water cement 
used in Holland. It is made ot a 
substance called w alike, a kind of 
basalt. 

Traveller, in navigation , a sort of 
thimble, whose diameter is much 
huger, in proportion to the breadth 
of its surface, than the common 
0 lies : it is intended to facilitate 
the hoisting and lowering the top- 
gallant yards at sea. 

Travelling crane, a crab fixed on a 
carriage whivk may be moved upon 
rails across a building, and the 
cross-rails, together with the car- 
riage, moved lengthwise upon other 
rails fixed at or near the top of the 
building. 

Traverse sailing, in navigation, is 
the variation or alteration of a ship’s 
course occasioned by various cam-.es ; 
or it is a compound course in which 
several diftcrent courses and dis- 
tances are known. 

Traverse-table, in navigation , is the 
same as a table of diilerence and 
departure, ready calculated for any 
distance under 100 miles. 

Travertinto, a calcareous stone 
found in some of the mountains of 
Italy, which the old masters used to 
give body to their lakes. 

Treadle, a lever or frame connected 
by a rod to the crank of a fout-lathe, 
to give motion to the crank-shaft: 
it is pressed down by the left foot of 
tbe turner, and raided by the een- 
tiifug.il force of the fly-wheel or 
large pulley "which is fixed on the 
shaft. 

Treasury, a building or an apart- 
ment where money or valuables are 
deposited. 

Trecento, literally, three hundred , or 
the third for the thirteenth century, 
the date of the early Italian style. 

Tree-nails, or Trennels, in ship- 
building , long cylindrical wooden 
pins. 

Trees, in metallurgy , the name given 
to the vertical pipes of some pumps 
and air engines. This name has no 
doubt beeu adopted from the fact 


that trees are frequently used to form 
roughly the cylinders required. 

Trefoil, an ornament formed by 
mouldings so arranged as to re- 
semble the trefoil or three-leaved 
clover. 

Trellis, a gate or screen of open work j 
lattice-work either of metal or wood. 

Trench, a ditch ; a defence for sol- 
diers. Trenches, approaches, *or 
attacks, are works carried on by 
besiegers, with parapets for the men 
to gain ground and draw near a 
citadel or fortification : if the ground 
be hard or loekv, trenches are 
raised above it with fascines, bags of 
earth, etc. ; but if the earth can be 
easily dug, then a ditch or way is 
suuk, and edged with a parapet next 
to the besieged, the depth being 
commonly about six or seven feet, 
and tbe breadth seven or eight feet. 

Trend, in navigation , to bend, to lie 
in a particular direction. 

Trent sand, a remarkably fine and 
sharp sand found on the banks of 
the Trent ; much valued for polish- 
ing. 

Trestle-trees, in ship-building , tivo 
strong bars of timber fixed hori- 
zontally on the opposite sides of the 
lower ma^t-head, to support the 
frame of the top and the weight of 
the top-mast. 

Tret, an allowance in weight for 
waste or impurities. 

Triangle, a figure bounded by three 
sides, and consequently containing 
three angles. Triangles are of the 
several kinds, plane or rectilinear, 
spherical, and curvilinear. 

Tribometer, in mechanics, a term 
applied to an instrument for esti- 
mating the friction of metals. 

Tribunes, magistrates among the old 
Romans, chosen to preserve the 
privileges and secure the liberties of 
the people against the power and 
encroachments of the nobles ; at 
first their number was but two, and 
these afterwards associated three 
more to them, whose number was in 
process of time increased to ten. 
Their authority was so great that 
they could assemble the people for 
what purposes they pleased, hinder 
the deliberations of the senate, ap- 
prove or annul its decrees, summon 
the other magistrates before the 
people, and also their own colleagues 
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and associates : they went so far as 
sometimes to imprison consuls anil 
fine dictators. At first their juris- 
diction reached but a mile out of 
the city of Rome, but some time 
afterwards it was extended into the 
provinces. These officers kept their 
doors open day and night, to receive 
such of the common people as sought 
lor shelter with them. The office 
grew into so much authority and 
honour, that the greatest men in the 
state chose it, and by clashing with 
the consuls and senate occasioned 
great tumults. There were also 
military tribunes, but their powers 
were more limited. 

Tribute, in mining, a proportion of 
the ore which the workman has 
for his labour. Tributers generally 
work in gangs, and have a limited 
portion of a lode set them, called a 
‘tribute pitch,’ bevoDd which they 
are not permitted 'to work, and for 
which they receive a certain portion 
of the ore, or so much in the pound 
as agreed upon in value of what 
thej’- raise. 

Tributers, in mining , miners who 
undertake to work any portion of a 
mine upon tribute. 

Triclinium, the eating-room of a 
Roman house ; so called because in 
general it contained couches upon 
which the ancients or their guests 
reclined at their meals. The term 
was also applied to the couches 
themselves. 

Triforium, the gallery or open space 
between the vaidting and the roof 
of the aisles of a church, generally 
lighted by windows in the external 
wall of the building and opening to 

. the nave, choir, or transept over the 
main arches. In the Temple church 
it is built around the nave, and has 
a curious and singular effect. 

Triglyphs, in architecture , ornaments 
repeated at equal intervals in the 
Doric frieze. Each tnglyph consists 
of two entire gutters or channels 
cut to a right angle, called glyphs , 
and separated by their interstices, 
called fermona, from each other as 
well as from two other half- channels 
that are formed at the sides. 

Trigonometry, the art of measuring 
triangles, or of calculating the sides 
ol any triangle sought, either plane 
or spherical. 
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Trim, in navigation , the best posture 
of a ship’s proportion of ballast, 
arrangement of sails, and position of 
masts, with a view to her sailing 
well. 

Trimmer, a piece of timber inserted 
in a roof, floor, wooden partition, 
etc., to support the ends of any of 
the joists, rafter*, etc. 

Tringle, in architecture, a name com- 
mon to several little square mem- 
bers or ornaments, as regulets, lestets, 
and platbands. 

Tripod, any utensil or article of 
furniture supported upon three feet. 

Tripoli, an earthy substance of a 
yellow, gray, or red colour, used for 
polishing stones and metals. It con- 
sists almost entirely of silica, from 
the shells of infusorial animalcules. 
It was first brought from Tripoli, 
but is now found in many other 
places. 

Triptych, a tablet in three divisions, 
to open and shut, the two outer fold- 
ing over the centre one when closed, 
used for the altar. 

Triquetra, an ornamentation con- 
sisting of three interlaced curves, 
each curve being nearty a half-circle. 

Trisection, the division of a line, an 
angle, etc., into three equal parts. 

Trochilus, a hollow moulding; also 
called scotia ; constantly occurring 
in the bases of the classical orders 
of architecture. 

Trochoid, m geometry , a particular 
description of curve generated by 
the motion of a wheel. 

Trompe, the blowing machine em- 
ployed in the process of smelting 
iron by the Catalan forge— the air 
being urged by a falling column of 
water. 

Tropics, two lesser circles on the 
globe or sphere ; one on each side, 
distant 23*° from the equator, which 
are the bounds or limits of the sun's 
deviation from the equator : at his 
approach to these ciicles the sun 
seems to stand still for a few days, 
and then returns towards the equator 
again : that on the north side is 
called the tropic of Cancer, and, 
when the sun is there, makes our 
longest day ; and that on the south 
side is called the tropic of Capricorn, 
and causes the longest night. 

Troubles, in mining , faults or inter- 
ruptions in the stratum. The term 
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is more especially that of the coal- 
miner. 

Trucks, in navigation , circular flat 
pieces of elm, with a small sheave 
on each side, fixed upon the upper 
end of flag-staffs, and used to reeve 
the halliards. 

Truncated, in geometry , a pyramid 
or cone, the top or vertex of which 
is cut off by a plane parallel to its 
base. 

Trunk Engine, a marine steam- 
engine used for driving a propeller : 
the cylinder is fixed horizontally. 

Trunking, the process of extracting 
ores from the slimes ; the ores sub- 
sequently undergo the process of 
racking and tossing. 

Trunks, in mining , wooden pipes used 
for carrying air down into the mine. 

Trunnions, knobs of metal in pieces 
of ordnance which project from the 
sides and bear the guns on the cheeks 
of the carriage. 

Truss, the collection of timbers form- 
ing one of the piincipal supports to 
a roof, framed together to give mu- 
tual support and to prevent strain- 
ing or distortion from the super- 
incumbent weight. To strain, 

support or keep tight : a trussed roof 
is one which, by means of the tie- 
beams, rafters, *king-posts, etc., is 
strained, or held together in its 
proper position. 

Trussing, in carpentry and ship-build- 
ing, a series of diagonal braces dh- 
po-ed in triangles, the sides of which 
give to each other a mutual support 
and counteraction. 

Trussing-beds, in Tudor times, 
were beds which packed into clients 
for travelling : in cases of frequent 
removal, they must have been found 
very convenient. John of Ghent 
seems to have always slept in such 
beds. 

Tse-hong, a pigment of a red colour 
used by the Chinese for painting on 
porcelain ; it consists of a mixture 
of alumina, ferric oxide, and silica, 
with white lead. 

Tsing-lien, another pigment of a red 
colour, used for the same purpose as 
the preceding, consisting of silicates 
of tin or lead, with small quantities 
of oxide of copper, or cobalt and 
metallic gold. 

Tub, a cast-iron cylinder put in the 
shaft instead of bricking, for the 


purpose of beating out the water and 
making it rise to a level. 

Tubbing, a cylindrical casing of iron 
bolted together placed around a shaft 
to exclude the water, which may be 
flowing in from a sandy or other 
porous stratum. Sometimes the 
tubbing is backed by concrete. It is 
used also in sinking large holes for 
artesian or other wells, to keep out 
impure water. 

Tube Ferrules, in locomotive engines, 
slightly tapered lioops, one of which 
is driven in at each end of each tube, 
to fix it securely in the boiler ; for- 
merly they were made of steel and 
iron: now, cast-iron ferrules are 
found to answer very well. 

Tube plugs, in locomotive engines , 
are formed of tapered iron or wood, 
and used for driving into the end of 
a tube when burst by the steam. 

Tube plug-ram, in locomotive engines , 
a long rod with a socket end, into 
which the plug fits, and is thus 
driven into the burst tube, and the 
plug-ram withdrawn. 

Tubes, in locomotive engines , are of 
brass or iron, about two inches out- 
ride diameter. They are of the same 
length as the boiler, and fixed in it 
by a ferrule driven in at each end, 
which makes them steam-tight. 
They are surrounded with water ex- 
ternally, and internally open to the 
atmosphere by the chimney. The 
heated gases and smoke from the 
fire pass through them, and they are 
thus the means of rapidly generating 
steam. The number of tubes in 
boilers varies from 60 to 70 up to 
above 200, according to the power of 
the engine. 

Tubular Boilers. Boilers of an an- 
gular, prismatic, or indeed any but 
a cylindrical form, — or even then 
if not made of wrought metal, — be- 
come the peculiar scat of danger in 
liigh-pressure engines ; and all sorts 
of safety apparatus, as well for pre- 
venting too great a pressure as for 
avoiding other sources of danger, are 
but uncertain in their operation, and 
not to be depended upon. The great 
object to be sought is so to construct 
boilers that their explosion may not 
be dangerous in its results. 

This condition has been approxi- 
mated to by the invention and ap- 
plication of tubular boilers ; but it 
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would seem that these have been 
suggested rather by the necessity 
of providing, for many technical 
purposes, anil particularly for steam 
carriages, boilers of less content and 
weight, than by the desire of re- 
moving or lessening danger from 
explosion. Tubes should have that 
foim which is be^t adapted to resist j 
pressure, viz. the cy lindncal. If 

they are of small diameter, of not 
too gi eat tlnckncv?, ami ot suitable 
mateiial, tln-y may be made to carry 
out the heforc-nanied principle ; i.e. 
they themselves in ca^c of bursting, 
will not cause any dangerous con- 
sequences to the neighbouring per- 
sons or property. This has been 
amply proved by experience. 

Unfortunately, however, there are 
no tubular boilers which satisfy all 
conditions required. The subject is 
often mentioned as one of little dif- 
ficulty, easy of decision, and un- 
encumbered with practical obstacles ; 
but such is the language only of 
the prejudiced and the inexperi- 
enced. To arrive at the truth, it 
must be sought with long-continued 
perseverance, and with no small 
share of physical knowledge, as the 
subject is beset with difficulties on 
every side. 

It becomes a most complex pro- 
blem to construct a tubular boiler 
for a large supply of steam, by reason 
of the difficulty of arranging and 
connecting the great number ot tubes 
it must contain into one convenient 
whole. The modern English locomo- 
tive boilers cannot be legitimately 
called tubular boilers became they 
fad altogether in the giand distin- 
guishing quality of all such, — 
namely, the small diameter of the 
generating apparatus : the tubes of 
these boilers are nothing more than 
a splitting-up or subdi\ Lion of the 
tire-tube of the Trevithick steam- 
carriage boiler. From their greater 
outer diameter, locomotive boilers 
do not avoid the evil of the old 
capacious form, and therefore do not 
diminish the objection to it: they 
have also a detect in the clo->c 
proximity of the tubes to each other, 
whereby the water space betwi cu 
them is rendered too confined, and 
the heated tubes become liable to 
De laid bare of water. This circum- 
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stance gives the key to the well- 
known tact, that the tubes become 
so destroyed, or at least require con- 
stant repair, and add to the mischief 
occasioned by their expansion, 
through their connection with the 
end plates of the cylindrical part of 
the boiler. It is evident that from 
the passage upwards of the steam 
formed among the lower tubes, the 
upper ones must be most liable to 
be uncoveied with water; while 
these, being exposed to the hottest 
pait of the lire current, are most 
likely to receive damage there- 
Iroui. 

A tubular boiler ought to preserve, 
as much as possible, the tubular form 
in all its parts ; or, at least, the 
larger petitions ought to be cylindri- 
cal, and not of too gieat diameter, 
or should be so strongly made that 
the tubes should form the weakest 
pait of the whole boiler. The tubes 
themselves should be of such dia- 
meter, and be constructed of such 
metal, that in cate of their actual 
bursting, no dangerous explosion 
may ensue. Ibis, however, is only 
poAible when their thickness is so 
small, and the metal of such a kind, 
that bursting takes place by a com- 
paratively small internal pressure, 
and is followed by only a ripping 
oper ' ’ ■ ‘ “ .*■ 

aboi . I .■ r 

all c , *, 

must be the sole generating vessels : 
they alone must receive the action of 
the fire, and be exposed to its de- 
structive influence. All other and 
larger vessels, or parts connected 
with the tubes, should be most 
carefully piotccted from not only 
this but all other dangerous in- 
fluences order that they may re- 
main in their original proved con- 
dition of strength. 

Only such a tubular boiler as 
fulfils all these conditions can be 
called a safe one. In its use there is 
no fm ther danger from high-pressnre 
steam, and near it its owner may 
repose undisturbed by a care for the 
safety ot life or propel ty. 

The requisites in the use of the 
tubes are the following : — They must 
be placed in such a position with 
regard to the furnace, that the flame 
may act upon them in the most 
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favourable manner, and that the 
heat may be absorbed as completely 
as possible. — They must have such a 
proportion between their length and 
diameter, that neither the ebullition 
in them may become too violent, and 
the water be thereby ejected from 
them, nor that they become warped 
or made crooked by the heat. — They 
must properly convey away all the 
generated steam, and be regularly 
supplied with water. — They mu-t be 
connected with the main part of the 
boiler in such a manner, that in case 
of a rupture of one of them, the 
whole content of water and steam 
cannot suddenly and dangerously 
discharge itself. — They must lie so 
deep under the general water-level 
of the boiler (in the receivers or 
separators), that some considerable 
sinking of the water may be allowed 
to take place without leaving any of 
them empty ; and in case the latter 
effect should occur, such tubes must 
first be emptied as are least exposed 
to the heat of the furnace. — Lastly, 
they must be connected with each 
other in such a manner that no de- 
structive expansion may be allowed 
to take place, and that all may be 
easily and conveniently cleansed of 
the earthy matters deposited in them. 

The larger portions of the boiler, 
or receiving vessels, may themselves 
consist of tubes of a larger diameter, 
or may form flat chambers, con- 
structed of a strength to withstand 
a very high pressure (say 400 to 
500 lbs. per square inch) : this 
involves no difficulty. The diameter 
of the receivers .should not, where it 
can be avoided, exceed 1G inches, and 
they should be constructed of plate- 
iron of at least § of an inch thick, 
securely and exactly riveted together 
into a cylindrical form. When it i> 
necessary that they should be capa- 
cious, their length should be in- 
creased, and not their diameter 
beyond that specified, or their 
number should be greater. Their 
covering lids may be flat and of 
cast iron, but of considerable thick- 
ness (1£ to 2 inches), and these must 
be connected to the cylinders se- 
curely, and in such a way that they 
may be easily taken off when clean- 
ing is required. They must, under 
all circumstances, be entirely re- 


moved from all strong action of the 
fire, and must at most be exposed 
only to such currents as have dis- 
charged the greatest portion of their 
heat against the generating tubes. 
In order to preserve them from rust, 
their internal and external surfaces 
may be covered with several coats 
of oil-varnish, and the coating re- 
newed, at least on the inside, every 
year. 

Since these receivers or larger 
parts of the boiler usually serve as 
separator, anil as means of connec- 
tion between the generating tubes, 
they must be peifectly adapted to 
fulfil these purposes. As separators, 
they must efficiently separate the 
steam from the water, so that none 
of the latter may penetrate into the 
working parts of the engine; and to 
thi» end the water surface in them 
must be of sufficient extent. In 
order that the water may not rise to 
a dangerous height in them by vio- 
lent ebullition in their tubes, their 
water space must bear a certain pro- 
portion to that of the tubes and the 
other parts of the boiler. The steam- 
ruom in them must also be pro- 
portioned to the content of the 
engine cylinder ; so that die pressure 
may not be too much lessened by the 
discharge into the engine, and a 
foaming of the waiter thereby be 
caused 

Tubular Bridges are those in which 
the requisite strength and rigidity 
are obtained by disposing the mate- 
rials in the form of a horizontal 
tube, through which the passage is 
formed for the traffic. They are to 
be distinguished from trussed bridges, 
which, when constructed of timber 
and covered over, as in several of the 
American bridges, resemble a tube, 
or two or more parallel tubes, being 
formed entirely without trussing, 
and therefore admitting of construc- 
tion with iron only. Tubular bridges 
are to be regarded as an original and 
highly important invention, admi- 
rably adapted for spanning wide 
spaces, and affording all required 
strength with a positive minimum 
of depth. In all arched bridges 
some portion of the space below, or 
head room for navigation, is sa- 
crificed by the depending haunches j 
or, on the other hand, if the road- 
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way is made up to correspond with, 
the chord of the arch, the crown is 
necessarily elevated to a consider- 
able height, and additional weight 
involved in sustaining and preserv- 
ing the position of the higher parts 
of the structure. Hence flatness , 
cr the reduction of the total depth, 
has always been a desideratum in 
the designing of bridges, and scien- 
titic skill and boldness have achieved 
several examples in which this pro- 
perty is attained in a much greater 
degree han it was once thought 
safe and prudent to attempt. The 
wrought-iron tubular bridge, how- 
ever, is safely' constructed with a 
total depth of of its span, and 
with sufficient strength and rigidity 
to sustain great loads, such as rail- 
way trains, without sensible vibra- 
tion or deflection. For bridges of 
small span, the tubular principle 
may be adopted in the construction 
of malleable-iron girders, each of 
which is itself a rectangular tube 
of small section, the roadway being 
thus supported upon two or more 
of these tubular girders arranged 
in parallel positions, and at some 
distance apart. In these bridges 
a level roadway is formed with a 
small depth, but tbe roadway and 
traffic occupy’ an additional depth ; 
whereas in the tubular bridge, as 
constructed fur large spans, the depth 
of the tube itself comprises the 
entire depth of the structure, and 
it may therefore be considered as a 
hollow girder, through which the 
roadway- is formed. Mr. Ilobert 
Stephenson appears to have first 
suggested the idea of forming tubular 
bridges ; and that over the Gomvay, 
erected on the line of the Chester and 
Holyhead Railway, was completed 
and opened in 1«X49. This .bridge 
consists of two tubes, placed parallel 
to each other over a clean span of 
400 feet. Each tube, with its cast- 
ings, etc., weighs about 1,800 tons, 
and is constructed of plate-iron 
riveted upon malleable-iron ribs, 
the section erf the tube being a 
rectangle about 0U feet in height 
and 15 feet wide. The sides, top, 
and bottom of the tubes consist of 
long narrow plates of malleable iron, 
varying in length up to 12 feet, and 
in width from 1 foot 9 inches to 2 feet 
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4 inches : they vary in thickness from 
| to | inch. The internal ribs are of 
T-iron, inches deep, and placed at 
intervals of 2 feet. A depth of about 
1 foot 9 inches across the tube is 
occupied at top and bottom with 
narrow cells formed with plate-iron 
and L-iron comer pieces, all firmly 
riveted together. These cells are 
for the purpose of giving the requi- 
site stiffness to these parts of the 
tube, and are closer together at the 
top than at the bottom of the tube, 
as the tendency of a load is to com- 
press the upper part and distend the 
lower part of the structure, and 
wrought iron is, it appears, much 
better able to resist extension than 
compression. In his report to the 
Directors of the Chester and Holy- 
head Railway, their engineer, Mr. 
Stephenson, thus referred to some of 
the results of the experiments which 
were made in order to determine 
the form and proportions for his 
proposed tubular bridge over the 
Menai Strait. ‘The first series 
of experiments was made with plain 
circular tubes ; the second with 
elliptical ; and the third with rect- 
angular. In the whole of these 
this remarkable and unexpected 
fact was brought to light, viz. that 
in such tubes the power of wrought 
iron to resist compression was much 
less than its power to resist ten- 
sion,— being exactly the reverse of 
that which holds with cast iron : 
for example, in cast-iron beams for 
sustaining weights, the proper form 
is to dispose of the greater portion 
of the material at the bottom side 
of the beam ; whereas with wrought 
iron, these experiments demon- 
strate beyond any doubt that the 
greater portion ' of the material 
should be distributed on the upper 
side of the beam. We have arrived, 
therefore, at a fact having a most 
important bearing upon the con- 
struction of the tube; viz. that 
rigidity and strength are best ob- 
tained by throwing the greatest 
thickness of material into the upper 
side. Another instructive lesson 
which the experiments have dis- 
closed is, that the rectangular tube 
is by far the strongest, and that 
the circular and elliptical should 
be discarded altogether.’ 
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Another tabular bridge, similar 
to that at Conway, and the Britan- 

- nia, near Bangor, exceeding these 
bridges in extent, has been completed 
in Canada, over the St. Lawrence. 

These grand bridges differ little 
less in the mode of constructing 
and erecting them than in tlieir 
design, from ordinary bridges of 
stone, timber, or iron. Thus the 
larger tubes over the water-way 
aie put together adjacent to tlieir 
final resting-plaoe, and when com- 
plete as tubes, they are launched 
upon pontoons, floated to the pier*, ! 
and raised to their places complete 
and entire by hydraulic proves 
operating at each end. For this 
purpose of raising, strong tempo- 
rary frames of cast iron are fitted 
to the ends of the tube, and made 
fast to solid bar-link chains, the 
upper ends of which are forced up- 
wards by successive lifts of the 
hydraulic press, each lift being 6 
feet, and the ends of the tube being 
packed up as the miring proceed*?. 
One end of each tube is perma- 
nently laid upon cast-iron rollers, 
to admit of the changes of length 
produced by variations of tempera- 
ture. For the purposes of the rail- 
way, transverse plates of iron are 
fixed edgewise on the bottom of 
the tube, and support longitudinal 
balks of timber, upon which the 
rails are laid. The height of the 
Conway Bridge is 18 feet at the 
bottom of the tubes above high 
water ; that over the Menai Strait, 
called the ‘Britannia’ Bridge, 1<*2 
feet above the same level. The 
Albert Bridge over the Tamar, built 
by Mr. Brunei, is a tubular bridge 
of a different description. The road- 
way is suspended from a curved 
tube, instead of passing through a 
straight tube. 

Tudor Badges. The badges of the 
house of Tudor were either assumed 
or derived from descent or alliance ; 
the red rose was the peculiar dis- 
tinction of the house of Lancaster, 
and was borne by Ilenry VII. as 
Earl of Richmond. The portcullis 
was the badge of the Beaufort 
branch of the same family, assumed 
by the descendants of John of 
Ghent, bom in the castle of Beau- 
fort j and agreeably to heraldic 


simplicity, a part of the castle, its 
most prominent feature, was depict- 
ed for the whole. The fleur-de-lis 
was al&o a badge of the house of 
Lancaster, and was introduced, to- 
gether with the rose, in the border 
or Henry’s arms, as Earl of Rich- 
mond. Descended from Cadwalla- 
der, the last of the British kings, 
and deriving from him the name 
of Tudor, he assumed the badge of 
the red dragon, ‘Cadwallader’s en- 
sign. After the battle of Bosworth 
Field, Henry took as a badge the 
hawthorn bush, crowned, in allu- 
sion to the circumstance of the 
crown being found in a hedge, 
whence it was taken and placed on 
his head. The red rose, or rose of 
Lancaster, he placed on the sun- 
beams, as the white rose had been 
by the head of the house of York. 
This monarch assumed the Tudor 
rose, or the red rose charged with 
the white, as emblematical of his 
united claims to the throne by 
lii*? marriage with Elizabeth, the 
daughter and sole heir of Edward 
IV. Upon the marriage of Prince 
Arthur with Catherine of Arragon, 
lie adopted, in compliment to her, 
the badges of her house. The castle 
was an ancient badge of the house 
of Granada. The sheaf of arrows 
was assumed by the house of Ar- 
ragnn on the conquest of Gra- 
nada, -which had been achieved by 
the superiority of the Arragonese 
archers. The rose dimidiated with 
the pomegranate was adopted as 
being symbolical of the junction of 
England and Spain. The phoenix 
in flames was assumed by Edward 
VI., in allusion to the particular 
nature ofliis birth, and was granted 
by him to the family of Seymour. 
A white falcon, crowned, and hold- 
ing a sceptre, was assumed by Queen 
Anne Boleyn as her peculiar badge, 
and was continued by her daughter, 
Queen Elizabeth. The harp, an an- 
cient badge of Ireland, was used by 
Queen Elizabeth. The rose envi- 
roned by the garter, with its motto, 
was a badge of several branches ot 
the Tudor family. All these badges 
were represented crowned, when 
borne by the monarch, and were 
occasionally placed between the 
royal supporters. 
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Tudor Style of Architecture, a 
continuation of the Perpendicular 
►Style, merging into a peculiarity in 
the time of Ilenry VIII., when it 
was much applied to domestic pur- 
poses and to edifices for collegiate 
halls, and several foundations for 
educational and cliaiitable uses, thus 
appropriating the proceeds of mo- 
nastic revenue*. The mansions of 
the Tudor peuod usually consisted 
of an inner and base couit, between 
which stood the gate-house. The 
principal apaitments were the great 
chamber, or room of assembly, the 
hall, the chapel, the gallciy for 
amusements, on an upper story, 
running the whole length of the 
principal side of the quadrangle, and 
the summer and winter parlours. 
Of quadrangular houses, the seats of 
the Bishops of Carlisle, Cowdiy, 
llalmaker, etc., may be tak< n as 
fair examples. In a work entitled 
* Studies of Ancient Houses’ (a book 
of a convenient size and pi ice) aie 
some fine example' in this st\le, but 
of a smaller kind. Very many 
splendid examples of larger dimen- 
sions of halls, mansions, etc., still 
exi>t scattered over the countiy. 

Tue-iron, Tuiron, Tuarn, in me- 
tallurgy, tlie twyer or bLi't-liole of 
the blast-furnace is so called in old 
books. 

Tufa, a calcareous eaith, composed of 
broken and concreted shell-?, or the 
deposit from water impregnated 
with lime. 

Tugs, in mining , hoops of iron fastened 
to the covers to which the tackles 
are affixed. 

Tugs, steam, small steam-vessels 
employed in towing other craft. 

Tulip-wood, the striped rose coloured 
wood of certain trees growing in 
Australia ; it soon fade^ ; it is used 
iu turnery and Tunbridge ware. 

Tumbling-home, in nautical lan- 
guage, the tailing into midships of 
the top-side above the main breadth, 
to bring the upper deck guns nearer 
the centre of the ship. 

Tumbrel, a covered military cart, 
to convey ammunition, tools, etc. 

Tumbril, formerly a machine for the 
punishment of scolding women, con- 
sisting of a chair attached to a long 
pole. 

Tummals, in mining , a great quantity 


or heaps, usually of w'aste ; no doubt 
it is a corruption of ‘tumulus.* 

Tumulus, a heap, or mound of earth, 
sometimes called a barrow, used for 
the burial of the dead previous to 
the Homan invasion of Britain, and 
probably duiing Homan occupation. 

Tungstate, a combination of tungstic 
acid (oxide of tungsten) with an 
alkali or eaith. 

Tungsten, a white, hard, brittle 
metal proem ed from tungstate of 
lime. It is sometimes called Wolf- 
rami inn. 

Tunnel, a large and subterraneous 
such, driven through an elevation or 
hill, or uuder a river, for the passage 
of boats caniagcs, etc. 

Among the costly and laborious 
works ot a railway, its tunnels oc- 
cupy the first place. Like mining 
and all other subterranean ope- 
i at ion*, the constitution of a tun- 
nel can be but little aided by me- 
chanical appliances; it chiefly re- 
quires linid manual labour, exer- 
cised under circumstances which 
il» not admit of that thorough 
supciintendence which promotes 
economy, and, moreover, liable to 
imtoicM-en intcuuptions, of sur- 
mounting which neither the man- 
ner nor the exp< use can be prede- 
termined. Thus the Kilsbv tunnel, 
on the London and Birmingham 
Labway, was estimated to cost 
about £-10 per yard lineal ; whereas 
its a< tual co't w as £1U0 for the same 
length, owing to its intersecting a 
quick-and, which the trial borings 
had escaped. Thus a vast expense 
was nec>‘."-ai dy incurred in netting 
up and woiking pumping machinery 
in order to dry the sand. The pumps 
brought up nearly “2,000 gallons per 
minute, and wcie working during 
a period of nine months. The quick- 
sand extended over a length of about 
4-30 raids of the tunnel. The Box 
tunnel, on the Great Western Rail- 
way, excavated through oolite rock, 
and being lined with masonry only 
through a portion of its length, cost 
upwards of £100 per lineal yard. 
r i lie Bletchinglcy tunnel, on the 
South-eastern Railway, cost £72 per 
lineal yard; and the Saltwood tunnel, 
on the same line of railway, cost 
£118 per lineal yard. This greater 
cost in the latter work was occasioned 
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by the great body of water in the 
lower green -sand which k the tunnel 
intersects. 

The method of proceeding with 
tunnelling depends mainly upon the 
kind of material to be excavated. 
This having been generally ascer- 
tained by borings and trial shafts, 
the work is commenced by sinking 
the -working shafts, which must be 
sufficiently capacious to admit rea- 
dily of lowering men and materials, 
raising the material excavated, fix- 
ing pumps, and also for starting the 
heading of the intended tunnel when 
the required depth is reached. Be- 
sides the trial and woiking shafts, 
air-shafts are sunk for the purpose 
of effecting ventilation in the works 
below'. 

The working shafts are made 
cylindrical, and from 8 to 10 feet in- 
ternal diameter : 9 feet is a favourite 
dimension. They are of brickwoik, 
usually 9 inches thick, and carried 
up 8 or 10 feet above the surface of 
the ground, finished with stone co- 
ping. These, and all other shafts, 
rest upon curbs of cast iron, fitted 
into the crown of the tunnel, and 
forming a level base for the shaft. 
The air-shafts are of similar thick- 
ness and form, hut usually about 3 
feet internal diameter. They should 
not be allowed to be sunk near to 
the working shaft, or at a less dis- 
tance than 50 yards from it. All the 
shafts are of course sunk on the 
centre line of the intended tunnel. 
In the Bletehingley tunnel, the trial- 
shafts, G feet diameter in the clear, 
9 inches thick, and Soh yards deep, 
cost £G per yard down through the 
Weald clay. A similar shaft in the 
Saltwood tunnel, 25 yards deep, cost 
£4 15s. per yard down, in the lower 
green-sand. Horse gins are usually 
employed for laising and lowering 
the materials, etc., and also in draw- 
ing the water up the shafts, unless 
large pumps are used and worked by 
steam-power. The engineer calcu- 
lated the expense of horse-labour 
thus exercised at 2 frf. per ton, lifted 
100 feet high, and including the boy 
to drive the horse. 

The number of working shafts 
will def end chiefly upon the rate of 
speed with which the work is re- 
quired to be accomplished. With 


plenty of men, horses, materials, and 
plant, the work is much facilitated 
by sinkiug extra shafts, which will 
usually well repay their cost. The 
Watford tunnel, 75 chains in length, 
on the London and Birmingham 
Railway, was specified to be worked 
with six shafts, not less than 8 feet 
diameter within the brickwork, and 
9 inches thick ; the brickwork 
moulded to fit the circumference of 
the shaft, and laid in two half- brick 
rings ; an air-shaft at a distance of 
50 yards on each side of each working 
shaft, and not less than 3 feet 0 inches 
diameter inride ; the arch and side- 
walls of ttie tunnel, usually two 
bricks thick, and the invert, one 
and a half brick, except in places 
where the stratum passed through 
seemed to require an increased, or 
admit a diminished thickness. The 
form of the top of the tunnel is 
nearly semicircular, supported by 
curved side-walls standing on stone 
footings or skew-backs, which rest 
on the invert forming the base of 
the tunnel. The ends of the tunnel 
are formed with wing-walls. The 
brickwork at the ends of the tunnel 
is bound by wrought-iron rods 100 
feet long, secured at each end in a 
cast-iron rim or plate built into the 
brickwork. 

The Northchurcli tunnel, which 
is 10 chains in length, on the same 
line of railway, was worked with 
two shafts, each 9 feet diameter. In 
the construction of this tunnel, a 
heading was driven, 4 feet wide and 
5 feet high, throughout the entire 
length of the tunnel, and between 
two shafts sunk for this purpose, one 
near each end of it. It was specified 
that this heading should he driven 
through before any part of the tun- 
nel was commenced, and supported 
and kept open during the execution 
of the entire work by sufficient 
timbering. 

In commencing the works of the 
Saltwood tunnel, already referred 
to, great difficulty w*as encountered 
from the great quantity of water in 
the lower green-sand which the 
tunnel intersects. The course adopt- 
ed was to make a heading or adit 
quite through the hill on a level 
with the bottom of the tunnel, in 
which the water was collected and 
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drained off. The size of this, and of 
the Bletchinglev tunnel, is 24 feet 
wide at the broadest part, 30 feet 
including the side-walls ; 55 feet 
high in the clear, 30 feet including 
the invert and top arch, or 21 
feet clear above the level of rails. 
The brickwork in the top arch and 
walls is from two and a half to four 
bricks in thickness ; the invert three 
bricks thick. 

When water occurs in the sinking 
of the shafts or the building of a 
tunnel, the back of the brickwork 
should be well lined with puddle, 
and Roman or metallic cement sub- 
stituted for mortar. The whole of 
the Kilsby tunnel, on the London 
and Birmingham Railway, was built 
in either Roman or metallic cement, 
and the thickness of the brickwork 
is chiefly 27 inches. This tunnel is 
about 2,423 yards long, and its 
length is divided by two ventilating 
shafts, cylindrical, and 60 feet in 
diameter." These shafts are 3 feet 
thick in brickwork, laid in Roman 
cement throughout. They intersect 
the line of the tunnel, and* thus form 
curved recesses by that portion of 
their circumference which extends 
beyond the width of the tunnel on 
either side. These shafts were built 
from the top downwards, by exca- 
vating for small portions at a time, 
from 6 to 12 feet in length and 10 
feet deep. 

The Box tunnel, on the Great 
Western Railway, intersects oolite 
rock, forest marlde, and lias marl, 
with fuller’s earth. Eleven prin- 
cipal shafts, generally 25 feet in di- 
ameter, and four intermediate shafts 
12 feet 6 inches, were sunk for the j 
purpose of carrying on the works j 
of this tunnel, the entire length of 
vhich is 3,123 yards, or a little 
more than 1^ mile. The section 
of the tunnel was designed to be 27 
feet 6 in. wide at the springing of 
the invert, and 30 feet at a height 
of 7 feet 3 inches above this ; clear 
height above the rails 25 feet. As a 
great portion of the tunnel was con- 
structed by mere excavation, and 
without masonry, these dimensions 
were in some cases departed from, 
in order to clear away loose por- 
tions of the stone and secure solid 
surfaces. Where brickwork is 
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used, the sides are seven half-brick 
rings in thickness, the arch six, and 
the invert four. During the con- 
struction, the constant flow of wa- 
ter into the works, from the nume- 
rous fissures in the rock, compelled 
pumping on a most expensive scale 
to be adopted. From November, 
1837, to July, 1838, the works were 
suspended, the water having gained 
so completely over the steam pump 
then employed, that the portion of 
the tunnel then completed was filled 
with water, as also a height of 56 
feet in the shafts. A second pump, 
worked by a steam-engine of 50-horse 
power, was applied, and enabled the 
works to be resumed. 

When the working shafts are sunk 
sufficiently deep, a narrow heading 
is excavated, from 6 to 12 feet in 
length, 3 to 4 feet wide, and high 
enough for a man to work in. The 
top of tliis heading should be so 
much above the intended soffit of 
the tunnel-arch as to admit the 
thickness of the brickwork, besides 
the bars of timber and boarding by 
which the roof of the heading is 
supported, and several inches should, 
he allowed for the settlement of the 
timber, which always occurs as the 
excavation is proceeded with, and 
before the brickwork can be got 
in. 

This allowance is of the utmost 
importance, as without it the brick- 
work will, when the settlement 
occurs, be forced down, and can 
only be raised to its proper level by 
removing the superincumbent earth 
piecemeal, and at great cost. The 
bars and poling and packing boards 
arc introduced in the most convenient 
manner, according to the nature of 
soil excavated, and the degree in 
which it requires support, or may 
be safely left unsupported. 

The heading is extended on either 
side by first cutting narrow gaps 
horizontally, or rather dipping 
downwards in directions following 
the intended form of the tunnel- 
arch. Into these gaps, crown bars 
are laid lengthwise and supported 
upon props ; and poling boards are 
put in between them, to retain the 
earth at the sides of the excavation, 
when extended. When the head- 
ing has thus been widened by ex- 
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cava ting right and left, and a suffi- 
cient length cleared, the centerings 
are fixed, and the brickwork is 
commenced. As this proceeds, the 
earth is carefully rammed behind 
it, and all vacancies filled up, to pre- 
vent any subsequent settlement of 
the surrounding* earth upon it. The 
crown bars which are inserted m 
the heading, and always during the 
excavations, are not invariably 
removed. If they can be drawn 
forward as the heading advances, 
without disturbing the adjacent 
ground, and the spaces filled up with 
broken stone, or other suitable 
material, no objection can arise, but 
otherwise they should be allowed to 
remain, and be built in. The whole 
of the operations require carefully i e- 
gulating, so that none of them shall 
advance too rapidly for those which 
follow. Contractors are therefore usu- 
ally restricted to carry the excavation 
not more than G or 8 feet in advance 
of the brickwork, or less, if so directed 
by the engineer, should any change 
occur in the strata, which he thinks 
may require such precaution. When 
the faces of two contiguous excava- 
tions approach within about fifty 
yards of each other, a heading should 
be driven quite through the interven- 
ing ground, and the workings joined 
before the whole excavation and 
brickwork are proceeded with. 

Experience has proved that the 
quality of the bricks used in tun- 
nel-work is of the utmost import- 
ance. If these contain lime, on 
which the weather operates in- 
juriously, the face of the work soon 
decays, and requires extensive re- 
pair or re^oration. This Avas the 
case with the Bceclnvood tunnel 
on the London and Birmingham 
Itailway, which in less than thiee 
years was considered to be in an 
unsafe condition, owing to this 
cause. The remedy adopted was 
of the most complete character ; 
it consisted in an entirely new lining 
of brickwork, 9 inches thick. This 
tunnel is about 802 yards long, and 
passes through strata consisting of 
alternate layers of rock and marl, 
abounding with springs of water. 
By judicious arrangement, the lining 
was completed in forty days. The 
traffic being diverted to one of the 


tw r o lines of rails which are laid in 
the tunnel, and a hoarding erected 
, along the centre, the casing was 
carried up on one side to the height 
of 4 feet 6 inches above the spring- 
ing. At this point a course of York 
paving, 4£ inches thick, was bonded 
into the original w r ork, and the new 
work Avas securely attached beneath 
it with wedges of iron ; half-brick 
toothings were ab>o inserted in chases 
cut 2 leet 8 inches apart in the 
original work. The traffic w r as then 
turned into the line on the side thus 
cased, and the other Avail was simi- 
lar^ treated. Bearers were then 
fixed 6 feet apart overhead, and a 
close flooring laid upon them. Upon 
each bearer a pair of ribs Avas raised, 
and keyed stays and laggings Avere 
fixed, and the brickAN ork, in English 
bond, brought up on each side simul- 
taneously, leaving a central space 2 
feet 8 inches Avide at the croAvn. 
A movable centre of this length w r as 
used to close in this space Avith tAvo 
half-brick rings. Vertical chases, 4£ 
inches square, besides those cut for 
the toothings Avere made in the face 
of the old walls previous to lining 
These formed permanent drains, 
terminating in the culvert beneath 
the centie of the tunnel. 

In the construction of our 
railroads, as Ave have shown, it be- 
came necessary to pierce the hills, 
so as to preserve a line of road as 
nearly level as practicable. Al- 
though engineering terms form an 
impoi tan t division of this Avurk, the 
science of engineering forms no part 
of its plan. One tunnel, Avhieh 
pierces Mont Cenis, so far surpasses 
all others, that a brief description of 
it is thought to be desirable. This 
tunnel, Avhieh is 7 miles 1,020 yards 
in length, forms a portion of the line 
commencing at the English Chan- 
nel and terminating at Brindisi 
which is continuous of the same 
gauge for 1,890 miles. Mont Cenis 
is betAveen St. Jean de Maurienne in 
Savoy and Susa in Piedmont, its 
peak rising to the height of 12,000 
feet. 

This tunnel was commenced in 
1857, and has been continued with- 
out interruption, night and day, 
until it Avas opened in 1870. 

The rock through which it passes 
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is schist, quartz rock, and limestone. 
Commencing at the French end, there 
was schist for about 2,400 yards, the 
average progress through which was 
4 feet a day ; then there came 550 
yards of quartz rock, through which 
they pierced at the rate of 2 feet a 
day: limestone,liaving a thickness of 
3,000 yards, followed, through which 
the borers progressed at about 7 feet 
a day. The whole of the tunnel 
gave an average pi ogress of 5 feet a 
day. This tunnel is 25 feet wide and 
24 feet high, 

Bardonneche is the Italian termi- 
nus, and the French terminus is called 
Fourneaux. The Italian end being 
4, 3*0 feet above the level of the sea, 
while the French end is elevated 
3,946 feet, the gradient being 1 in 
2,800 rising from the Italian end to 
near the centre, then falling 1 in 45 
to the French end. 

During the progress of the work 
a temporary flooring divided the 
tunnel into two galleries; by this 
division a circulation was established, 
the bad air pacing out by the upper 
gallery, and good air entering bv the 
lower one. Four years after the 
commencement of the ” work com- 
pressed air was used for working the 
boring machinery. By the aid of 
immense compressors the air was 
compressed to so that a pressure of 
six atmospheres was obtained. This 
kept ten machine drills constantly at 
work. It is stated that from 600 to 
800 lives have been lost in carrying 
out this great work. 

The completion of the Mont Cenis 
tunnel lias naturally directed atten- 
tion to other engineering works of a 
similar kind, especially the construc- 
tion of a tunnel between England 
and France, about 100 feet below the 
bed of the Straits of Dover. If this 
should ever be attempted, it will be 
at a cost of not less than £10,000,000 
sterling. We learn that an experi- 
ment is to be made of driving a 
tunnel for half a mile into the chalk 
under the sea. This tunnel is to be 
cut by means of Captain Beaumont’s 

diamond borers. In mining , a 

name given in many parts to the 
adits. 

Tunnel-head, the cylindrical chim- 
ney at the top ; or, as it is often called, 
the mouth of the blast-furnace. 
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and afterwards dried: it is also ap- 
plied to peat itself. 

Turbine Water-wheel. The hori- 
zontal water-wheel so called, as used 
in France and Germany, was invented 
by M. Fourneyron. The water enters 
at the centre, and, diverging from 
it in every direction, it then enters 
all the buckets simultaneously, and 
passes oft’ at the external circum- 
ference of the wheel. The pressure 
with which the water acts on the 
buckets of the revolving wheel is 
in proportion to the vertical column 
of water, or heights of the fall, and 
it is conducted into these buckets by 
lixed curved girders secured upon a 
platform within the circle of the re- 
volving part of the machine. The 
efflux of the water is regulated by a 
hollow cylindrical sluice, to which 
stops are fixed, which act together 
between^ the guides, and are raised 
or lowered by screws that communi- 
cate with a governor, so that the 
opening of the sluice and stops may 
be enlarged or reduced in propor- 
tion as the velocity of the wheel 
requires to be accelerated or re- 
tarded. Turbines may be divided 

ui-.i. 1 low-pressure 

s ■ turbines are 

■ .■ . . ... in situations 

such as often occur in hilly districts 
where high falls of water may be 
commanded, and the character of the 
site affords facilities for constructing 
reservoirs, so that a constant supply 
may be insured. In these cases the 
height of the column of water will 
compensate for the smallness of its 
volume, and the high-pressure tur- 
bine will be found applicable with 
great advantage to the grinding of 
corn, crushing ores, working thresh- 
ing-machines, or actuating other 
machinery. The low-pressure tur- 
bines produce great effect with a head 
of only nine inches, and are suitable 
for situations in which a large bulk 
of water flows with little fall. The 
results of an investigation by MM. 
Arago, Pronv, Gambey, and Savary, 
who were appointed by the French 
Academic des Sciences to report upon 
turbines, are given in a treatise by 
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M. Morin on the subject, and are as 
follows : — 

1. That these wheels are appli- 
cable equally to great and to small 
falls of water. 2. That they transmit 
a useful effect, equal to from 70 to 
78 per cent, of the absolute total 
moving force. 3. That they may 
work at very different velocities 
above or below that corresponding 
to the maximum effect, without the 
useful eiU'ctvaiymg materially from 
that maximum. 4. That they may 
vuik from one to two yauls deep 
under water, without the proportion 
which the useful effect bears to the 
total force being sensibly diminished. I 
5. In consequence of the la**t preced- 
ing property, they utilise at all 
times the greatest possible proportion 
of power, as thev may be placed 
below r the lowest levels to which the 
water surface sink*. G. That they 
may receive very variable quantities 
of water without the relation of the 
useful effect to the force expended 
being materially lessened. 

The practical value of these ma- 
chines is most obvious when they arc 
applied to small falls of water. 
Smeaton’s experiments proved that 
with a high fall in which an over- 
shot water-wheel can be introduced, 
80 per cent, of the original moving 
power may be realised’ And there 
is little doubt, according to Ruhlman, 
whose treatise on turbines has been 
so u r ell translated and edited by Sir 
Robert Kane, that where ail overshot 
wheel, or a wheel with tolerably 
high breasts and overfall -luices, can 
be erected, they arc to be picferred 
to the turbine, except there is much 
back-water to contend against, when 
the turbine may be sunk to a con- 
siderable depth in the back-water 
without any material ln»s of its 
power. Even in ca>cs which admit 
the working of overshot wheels, 
the peculiar applicability of the tui- 
bine, which affords a direct hori- 
zontal motion to the woiking of 
corn-nulls, should command full con- 
sideration before it is relinquished 
in favour of the overshot wheel. In 
every case of fall, either higher than 
that suitable for an overshot wheel, 
or lower than that required for such 
a breast-wheel as ju-t described, the 
turbine decidedly deserves the pre- 


ference. Smeaton proved that un- 
dershot wheels realised only 30 per 
cent, of the original force. 

In falls of great height, the ve- 
locity of the machine is so rapid that 
it may be applied to spinning ma- 
chinery without mill- work, or with 
very little, to produce the required 
speed. The turbine in its present 
form is of comparatively modern 
date ; the experiments of M. Four- 
neyron, which resulted in its inven- 
tion, having been commenced in 
1823, and the first machine w r as 
erected in 1827. In tracing this 
form of water-motor to its elements, 
however, the contrivance which is 
known as Dr. Barker's mill must 
necessarily be noticed. This ma- 
chine, which is of very old date, con- 
sists of an upright pipe or tube, 
which revolves on a vertical axis, 
and is formed with an open funnel- 
shaped top, and closed at the bottom, 
from which project two horizontal 
hollow arms or pipes. These arms 
are closed at their outer ends, but 
have each a round hole near the 
extremity, and so placed that the 
two holes are opposite to each other. 
The upright pipe is kept filled with 
water, which flows into the funnel- 
shaped top. The issuing of the 
water from the holes on opposite 
sides of the horizontal arms causes 
the machine to revolve rapidly on its 
axis with a velocity nearly equal to 
that of the effluent water, the force 
being in proportion to the hydro- 
static pressure which is exerted by 
the vertical column, and to the area 
of the apertures ; there being no solid 
surface at the hole on which the 
lateral pressure can exert itself 
while it is acting with its full force 
oil the opposite side of the arm. This 
unbalanced pressure is. according to 
Dr. Robison, equal to the weights of 
a column having the orifice for its 
base, and twice the depth under the 
surface of the water in the trunk for 
its height. If the orifice were closed, 
the pres-ure upon it would equal the 
weights of a column reaching to the 
surface ; but when open, the water 
issues with a velocity nearly equal to 
that acquired by falling from the 
surface, and the quantity of motion 
which is produced is that of a 
column of twice this length moving 
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with this velocity. The revolution 
of the machine causes the water, 
which having descended the vertical 
pipe moves along the arms, to par- 
take of the circular motion, thus 
producing a ccntrifrugal force that is 
exerted against the ends of the arms 
of the machine. According to the 
laws of motion, this force increa *e$ 
in proportion to the square of the 
distance from the centre at which it 
is developed. Thus the velocity of 
the efflux is increased, and also the 
velocity of revolution. But as the 
circular motion has to be imparted 
to every particle of water as it enters 
the horizontal arm, which is done at 
the expense of the motion already 
acquired by the arm, there is a limit 
to the velocity even of an unloaded 
machine. Barker’s mill has been 
treated of by Desaguliers, Euler, 
John Bernouilli, and M. Mathon de 
laCour,the latter of whom proposed, 
in 1775, to bring down a large pipe 
from an elevated reservoir, to bend 
the lower part of it upwards and at- 
tach to it a short pipe with two arms, 
like Barker’s mill reversed, and re- 
volving in like manner upon a 
vertical spindle ; the joint of the two 
pipes being contrived so as to admit 
of a free circular motion -without 
much loss of water. By this arrange- 
ment a fall of an extended depth 
may be made available. An im- 
proved form of Barker’s mill was 
patented subsequently by Mr. 
Whitelaw, in which the modifica- 
tions suggested by M. M. de la Omr 
were partly included, and a peculiar 
form given to the horizontal arms, 
adapted to preserve the centrifugal 
force from loss or counteraction. 

In this mill the two arms form the 
letter S, the water being emitted 
from their extremities in the direc- 
tion of the circle traced by their re- 
volution, the sectional capacity of 
the arms increasing as they ap- 
proach the centre of rotation, so as 
to contain a quantity of water, at 
each section of the arm, inversely 
proportional to its velocity at that 
section. 

With a well-made model of this 
mill, the patentee obtained an effect 
equal to 73*0 per cent, of the power 
employed, and nearly equal results 
are said to have been realised in 
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actual practice. The following par- 
ticulars of the height of fall and 
useful effect produced with turbines, 
already erected on the Continent, 
will tend to show their increasing 
value in proportion to the heights of 
the acting column of water : — 



Useful effect 

Heights 

per cent. 

of 

of power 

fall m feet 

employed 

7 • 

71- 

63 

75 

79 

87 

126 

81 

114 

80 


In 1837 a turbine water-wheel was 
erected by M. Fourneyron, an ac- 
count of which is here quoted from 
Mr. Joseph Glynn’s Report to the 
British Association for the Advance- 
ment of Science in 1847. This turbine 
is ‘erected at St. Blasier, or Blaise, 
in the Black Forest of Baden, for a 
fall or column of water of 72 feet 
(22 metres). The wheel is made of 
cast iron with wrouglit-iron buckets ; 
it is about 20 inches in diameter, 
and weighs about 105 lbs. ; it is said 
to be equal to 56 horses’ power, and 
to give a useful effect equal to 70 or 
75 per cent, of the water-power em- 
ployed. It drives a spinning-mill 
belonging to M. d’Eichtal. A se- 
cond turbine, at the same establish- 
ment, is worked by a column of 
water of 108 metres, or 354 feet 
high, which is brought into the 
machine by cast-iron pipes of 18 
inches diameter of the local mea- 
sure, or about 1 inches English. 
The diameter of the water-wheel is 
141, or about 13 inches Englbh, and 
it is said to expend a cubic foot of 
water per second : probably the ex- 
penditure may be somewhat more 
than this. Tlic width of the water- 
wheel across the face is *225, or less 
than a quarter of an inch. It makes 
from 2,200 to 2,500 revolutions per 
minute; and on the end of the 
spindle, or upright shaft of the tur- 
bine, is a bevelled pinion of nine- 
teen teeth, working into two wheels 
on the right and left, each of which 
has 300 teeth : these give motion 
to the machinery of the factory, and 
drive 8,000 water-spindles, roving- 
frames, carding-engines, cleansers, 
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and other accessories. The useful 
effect is reported to be from 80 to 85 
per cent, of the theoretical water- 
-power. The water is filtered at the 
reservoir before it enters the con- 
duit pipes ; and it is important 
to notice this, since the apertures of 
discharge in the water-wheel are so 
small as to be easily obstructed or 
choked.’ 

Tuvbith, or Turpith. mineral 
(Queen’s yellow) is subsulphate 
of mercury, of a beautiful lemon- 
yellow colour, but so liable to change 
bv the action of light or impure air, 
that, notwithstanding it has been 
sometimes employed, it cannot be 
used safely, and hardly deserves at- 
tention as a pigment. 

Turf, or Peat. Turf is a name notun- 
frequentlv applied to the matted 
roots of grasses, but strictly it is the 
same as peat. It is found in bogs, in 
horizontal layers from 10 to 30 feet 
in thickness ; sometimes in the form 
of a blackish-brown mud ; sometimes 
it is a dark peaty mass, and often a 
combination of roots and stalks of 
plants : frequently the turf layers 
interchange with layers of sand or 
clay. It is iu all cases due to the 
growth of certain moss-like plants 
( Sphagnum ) and their rapid decay. 

Grass-turf is simply dug with 
spades, and then dried. I’eat, if 
too moist, is piled upon a dry 
spot, and there left until the water 
leaks off, and until the mass appears 
dry enough to be formed into square 
lumps in the form of bricks. In 
many instances, however, the freshly 
dug turf is triturated under revolv- 
ing edge-wheels, faced with iron 
plates perforated all over their sur- 
face ; through the apertures in these 
plates the turf is pressed till it be- 
comes a kind of pap, which is put 
into a hydraulic press, and squeezed 
until it loses the greater part of its 
moisture : it is then dried and 
charred in suitable ovens. 

The charcoal made in this way 
deserves the notice of the artisan. 
The component parts of turf or peat 
differ from those of coal. This 
difference is owing to the fact that 
the process of decomposition which 
would eventually result in the for- 
mation of coal has not been con- 
tinued sufficiently long. The follow- 
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ing is an analysis of three speci- 
mens : — 

One hundred parts of good turf 
contained, besides ashes, which are 
all earthy matter, 


Carbon. Hydrogen. Oxygen. 


I. 

57 03 

5-63 

31-76 

II. 

58-09 

6-93 

31-37 

III. 

57-79 

6-11 

£0-77 


The charring of turf is far more 
easily effected than the charring 
of wood, partly on account of 
its form, partly on account of 
its chemical composition. In pits, 
the charring of turf is not difficult, 
if the same method is pursued as 
that adopted in the charring of 
wood ; but channels or draft-boles 
must be left in the kiln, because 
the square pieces pack so closely, 
that, without this precaution, suffi- 
cient draught would not be left to 
conduct the lire. Turf is generally 
found in considerable masses in 
one spot ; therefore the erection of 
char-ovens is no object of mere 
speculation, but affords all the advan- 
tages of a permanent establishment. 

At the Dartmoor Prisons gas is 
made from the peat dug by the 
convicts. The gas is of high 
illuminating power, and requires 
but little purification. The peat- 
coke resulting from this manufacture 
is used in the fire-places of the 
prisons, and the ashes as a dressing 
for the gardens* 

Turkey Oilstone. (See Oilstone , 

also Hones.') 

Turkey-red. A dye of a very rich 
colour, obtained from the madders. 

Turnbull’s blue (ferricyanide of 
iron). Professor Graham’s account 
of this variety of Prussian blue is 
nearly as follows : — It is formed by 
adding ferricyanide of potassium 
(red prussiate of potash) to a pro- 
tosalt of iron ; it results from the 
substitution of three equivalents of 
iron for three equivalents of potas- 
sium. The same blue precipitate 
may be obtained by adding to a 
protosalt of iron a mixture of yel- 
low prussiate of potash, chloride of 
soda, and hydrochloric acid. The 
tint of this blue is lighter and more 
delicate than that of Prussian blue. 
It is occasionally used by the calico- 
printer, who mixes it with per- 
505 


tub 


TURNING TOOLS. 


TUP, 


chloride of tin, and prints tlie mix- 
tuie, which is in a great measure 
soluble, upon Turkey-red cloth, 
raising the blue colour afterwards 
by passing the cloth through a so- 
lution ot chloride of lime, contain- 
ing an exi-oss of lime. I he chief 
object of this operation is to dis- 
charge the red and produce white 
patterns, where tartaric arid is 
printed upon the cloth; but it has 
al-o the check incidentally of pre- 
cipitating the blue pigment and per- 
oxide of tin together on the doth, by 
neutralising the chlorine of the per- 
chloride of tin. This b’ltc L b< heved 
to resist the action of alkali-* longer 
than ordinary Prussian blue. 

Turner’s yellow, Cassel yellow. 
Patent yellow. 'J his is an oxy- 
chloride of lead, which may be pre- 
pared by diffeient processes : when 
lithaigc or the protoxide of lead is 
acted upon by a solution of common 
salt, there are formed, soda, which 
remains dissolved, and a white com- 
pound, which is hydrated oxa chlo- 
ride of lead ; and this, when heated, 
loses water, becomes of a yellow 
colour, and is the compound re- 
quired. It is composed nearly of 
one part of chloride and nine parts 
of oxide of lead: it may nl-o be 
obtained by heating chloride and 
oxide of lead together in the requi- 
site proportion,*, or by heating a 
mixtuie of one part of hydrochlo- 
rate of ammonia with ten parts of 
protoxide of lead. In fusing these 
compounds it is requisite to be ex- 
tremely careful to avoid any admix- 
ture of carbonaceous or combustible 
matter, as that would reduce a por- 
tion of the oxide of lead to its 
metallic state, and thus injure the 
colour of the product, 
aiming off, in soap-making, when 
the soap piled in the warehouses 
change* colour by exposure to the air. 
urning tools. These are of two 
clashes, viz. band-tools and tools 
fixed in the slide-re-t. Of the 
former, the principal are the iieel- 
tool, graver, planisher, gouge, and 
clii-- el ; there are many < thers which 
however are but modifications of 
these, and are requiied only in par- 
ticular cases. 

r l he slide-rest tools are distin- 
guished by the same names as the 
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hand-tools, but vary from them 
slightly in the forms of their cutting 
parts, which in the hand-tools are in 
general rather broader, in order that 
the part to be cut away may be 
acted on as long as possible before 
shifting the tool ; for forward motion 
is in their ca.se continuous only for 
the short period while the cutting 
edge can be brought to bear on the 
material without shifting forward 
the resting point of the tool. The 
face or hunt edge of the tool should 
in every ease be nearly perpendicular 
to the horizontal diameter of the 
work, but a small difference is re- 
quired for clearance. 

The angle of the cutting edge 
should be more or less acute, ac- 
cording to the nature of the mate- 
rial to be turned; in general, the 
softer and more uniform the mate- 
rial, the more acute should be the 
angle: for wood, it should be very'” 
acute, and for iron and steel less 
acute. The velocity with which 
the work is made to revolve must 
aLo be adapted to the material, and 
must be such that the tool may take 
the greatest effect consistent with 
the preservation of its cutting edge. 

The hardening and tempering ol 
turning tools lequire much expe- 
rience on the part of the workman; 
for although they may be of the 
hot possible shape, they arc worse 
than useless unless properly hard- 
ened. The general process ol 
hardening and tempering tools is 
as follow-* : The cutting end of the 
tool is slowly heated in a clear fire, 
and when of a light red heat is 
cooled quickly in water ; it is then 
very hard and brittle, and requires 
tempering or reducing to the pro- 
per degree of hardness ; to effect 
this, it is necessary to brighten the 
part, so that a change of colour 
may be readily observed, and then 
place it upon a red-hot bar; when 
it has become heated to a certain 
degree by contact, the bright part 
will have a pale straw-colour; this 
gradually deepens, and when it has 
arrived at the requisite depth of 
tint, the tool is removed and again 
cooled, after which it is fit for use. 
(See also the article Tools.') 

Turnsole, a colour used in painting ; 
a Litmus. 

* 
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Turn-table, a circular table, with 
cross-rails fixed on its surface, sup- 
ported by rollers, and capable of 
being’ turned on a central pivot: 
used for moving a railway carriage 
from one line of rails to another. 

Turpentine, a name given to a liquid 
or soft solid product of coniferous 
plants, and of the Pistachio. Ttrehin- 
thus. Spirit of turpentine is the es- 
sential oil distilled from the crude 
turpentine. 

Turquoise, a bluish-green gem much 
used in jewellery’. The finest kinds 
come from Persia. They were aRo 
discovered by Major MacDonnell in 
the Syrian mountains, wlieie he em- 
ployed the Arabs in extracting them; 
very fine specimens were brought by 
him to this country. The turquoise 
is comparatively soft, and is an 
amorphous form of hydrated phos- 
phate of alumina. 

Turret, a small tower attached to and 
forming part of another tower, or 
placed at the angles of a church or 
public building, especially in the style 
of Tudor architecture. 

Turtle shell, the shell of the turtle. 
It is polished and used for ornamen- 
tal purposes. 

Tuscan Style of Architecture. 
This originated in the north of Italy, 
on the first revival of the arts in the 
free cities, and beyond which it has 
never yet travelled, except in some 
examples wfiiich were introduced by 
Inigo Jones in the first church of St. 
Paul, Covent Garden, and by Sir 
Christopher Wren in porticoes at 
St. Paul's cathedral, London. It 
is a simpler variety of the Doric, 
with unfluted columns and without 
triglyphs. 

Tutenag, another name for Pachfong. 

Tuyere. A blast pipe. The shape 
and position of the tuyere at a bla&t 
furnace require considerable atten- 
tion, since the duration of the blast 
regulates the action of the heat. The 
chief purpose of the metallic tuyere 
is the preservation of the fire-proof 
hearthstones ; the direction and 
form of the blast are also of much 
importance. This protection of 
the hearth is accomplished, in some 
measure, by making a coating of 
fire-clay in the tuyere-hole which is 
cut in the hearthstones. By this 
means, constant attendance, and re- 
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peated renewal with clay, the tuvere 
may be maintained narrow : whether 
formed of clay or metal, it should 
never be wdder than the nozzle. 
Where one of the former kind ex- 
ceeds the width of the nozzle, it 
burns away, and the clay is ex- 
posed to destruction. The preser- 
vation of the original dimensions 
of the hearth is the main object 
which the manager of a furnace 
seeks to secuie; and as the clay 
tuyere does not effect this object, 
those made of copper or cast-iron 
have been substituted in its place. 
These reach further into the fur- 
nace than those of clay, and there- 
fore, as it is decidedly of advantage 
that the blast should be driven as 
far as powble into the centre of the 
hearth, the former are much pre- 
ferable to the latter. If formed of 
wrought iron, they are liable to burn, 
as the iron, in consequence of its 
purity, oxidizes, and forms with the 
clay around it a very fusible silicate, 
which is precipitated into the furnace. 
Gray is preferable to white cast-iron, 
aud also to wrought-iron ; the carbon 
and impurities it contains protect it 
against oxidation and destruction. 
Copper is the best metal for tuyeres; 
it is a good conductor of heat, and is 
kept cool by the blast more easily 
than iron, "its silicates also are in- 
fusible. If copper oxidizes and forms 
a silicate, the latter will protect it. 
The advantages dp ri veil from the 
copper tuyere have, in Europe, been 
acknowledged for moie than a cen- 
tury ; frtill the charcoal furnaces in 
America, at which cold blast is em- 
ployed, are generally blown by clay 
tuyeres, the result of which is the 
waste of much fuel, and the produc- 
tion of intenor iron. This is men- 
tioned as one of those rare cases in 
which Americans do not make the 
best use of the means at their dispo- 
sal. The copper tuyere is protected 
against the heat of the furnace by 
the cold blast, which touches it, and 
for this reason should not be wider 
than the nozzle. In this point of 
view, it may be regarded merely as 
a prolongation of the nozzle, and is, 
of course, governed by the rule3 
applicable to the latter. So long as 
pig-iron is to be made by the char- 
coal furnace, the desire to make white 
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plate-iron in the blast-furnace will 
exist. It is very difficult, almost 
impossible, to keep a blast-furnace 
constantly running upon a certain 
kind, of iron ; and therefore the dif- 
ference which the quality of that in 
the furnace exhibits is modified to a 
more or less general standard by 
means of the position of the tuyere, 
such as its direction and inclination. 
Very skilful management i-> required, 
in many in»tances, to produce the 
desired effect. In some parts of 
Europe, wheie cold-blast iron for the 
forge is manufactured, the copper 
tuyere is yet in use ; but where pig- 
iron fur puddling is made, or hot- 
blast employed, such close attention 
is not necessary. In America, the 
niceties involved in adjusting the 
tuyere can scarcely be appreciated, 
not even at the forge fires ; but this 
adjustment is unaccompanied with 
any practical convenience, as the 
trouble it requires is never compen- 
sated. The advantages which ari*e 
from a scrupulous attention are, at 
best, very small ; and such attention 
would, under the conditions which 
exist in America, especially the high 
price of labour, result in loss instead 
of gain. 

At co!d-bla*t furnaces in America, 
clay or ca^-iion tuyeres, principally 
the former, arc consequently gene- 
rally employed. Water tuyeics are 
in use at forge*, fineries, hot-blast, 
and at some cold-blast furnaces in 
this country. A common one for 
the Catalan forge, the charcoal forge, 
finery, and cliarc . al blast furnaces, is 
made of boiler flate. The top pait 
is hollow, while the bottom part, 
which is generally fiat, is solid. A 
water-pipe, of £-mch boie, conducts 
a current of cold water through the 
hollow top: tlii'- proervc-i the tuy- 
ere, and piotects it from burning. 
The bottom is made fiat, so as to 
sen c as a support to the nozzle ; 
and thus the latter may be readily 
moved to tho^e places where it 
is most needed. At blast-furnaces 
ami fineries this precaution is not of 
much ii*e, as the nozzle remains at 
the place where it is fixed ; but at 
forges it must be movable. Both of 
the water-pipes are, in most cases, at 
the top : but this arrangement can 
scarcely be considered so advanta- 
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geous as though one pipe, or the 
entrance of the water, were nearer 
the bottom, and the other pipe, or 
the outflow, at the top. 

Tuyeres for anthracite, coke, and 
the charcoal furnaces (of which there 
are but three in Great Britain), are 
perfectly round, and made of boiler 
plate ; seldom of copper or cast iron. 
The tapering of them docs not affect 
the furnace ; and for all the evil this 
tapering occasions, it may be a per- 
fect cylinder. In using - hot blast, it 
makes no difference how the air is 
conducted into the furnace, provided 
the tuyere is kept open, and bright ; 
W'hich’is all that is necessary. The 
nozzle is laid into the tuyere, — how 
far it reaches into it, is a matter of 
no consequence, — and the space be- 
tween them filled up with clay. At 
a cold-blast furnace, it requires some 
attention not to push the nozzle too 
far in, or to draw it too far back. 
The water-pipes are of lead, §-inch, 
seldom 1-inch bore ; one on thelow’er 
and the other on the top part of the 
brim. The lower pipe conducts the 
water to the tuyere, and the upper 
one from it. The former is, in many 
cases, pushed as far as possible into 
it' interior, to bring the cold water 
into the furnace ; and the water is 
thus applied where the heat is great- 
est. A constant, uninterrupted sup- 
ply is necessary to prevent the melt- 
ing of the tuyere. The water must 
be pure ; else it will leave a sediment 
in it which is sure to cause its des- 
truction. There must also be a 
sufficient supply of cold water : if 
the formation of steam is going on in 
the interior of the tuyere, the latter 
is sure to be burned. Copper and 
brass last longer than iron ; but if 
iron tuyeres are well made, anil sol- 
dered with copper, and it there is no 
lack of water, they may last a long 
time. Where there is a deficiency of 
water, or where there are sediments 
in the interior of a tuyere, a few 
hours' heat will d» strov it. If it oe 
found that they do not wear well, 
attentiun must be directed to the 
water ; and if nothing appears 
wrong, the application of larger 
pipes, or higher hydrostatic pressure, 
will then remedy the evil. W ater 
tuyeres are generally from 10 to 20 
inches long ; those that are too short 
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are liable to be burnt, by the lire 
working around them, because there 
is not sufficient room to keep it 
closed up. Another disadvantage is, 
that their want of length prevents 
them from being pushed into the 
hearth ; but length is necessary 
when the earth is burned out, and 
when the blast should be carried 
further into the interior. The exter- 
nal size is also a matter which re- 
quires attention in the construction. 
The total surface determines the 
amount of water which is necessary. 
The larger the surface, particularly 
the diameter, the greater the amount 
of water necessary, and of course the 
greater the danger of burning. A 
tuyere is seldom more than four 
inches in diameter inside; but the 
diameter outside is sometimes 12, 
and even more inches. With such 
an increase of the diameter, however, 
the danger is augmented. 

Tuy feres may be considered a pro- 
longation of the nozzle or the blast- 
pipe, and disconnected from it 
mereh for the sake of preservation, 
and of more convenient acce-s to the 
interior of the furnace. Those for 
cold blast should taper more than 
those for hot blast, because the former 
clinker in a greater degree, and re- 
quire cleaning more frequently than 
the latter. The more acute the angle 
of the tuyere, the colder it works ; 
and the more tapered it is, the hotter 
it works. The->e observations are of 
practical importance. In most cases 
the blast is required as far in the 
interior of the furnace as possible, 
because fuel is thus saved, better 
iron produced, and the hearth pro- 
tected. There is some difficulty in 
giving cold-blast tuyeres a slight 
taper, because they should be very 
wide outside ; but this difficulty can 
be overcome by making their in- 
teriors more curved. If the extreme 
end, as far back as the diameter of 
the mouth, is cylindrical, the same 
purpose is accomplished as though 
the whole were cylindrical. If too 
much tapered, which is shown by 
its working too hot, the evil is dimi- 
nished, in some measure, by pushing 
the nozzle further into the furnace. 
This is but a temporary, not a radical 
remedy ; and a tuyere of a proper 
form must be substituted. If it 


works too cold, that is, sets on too 
much cold cinder, the only resource 
is scrupulously to keep it clean, and 
to replace it as soon as possible by 
one more tapered, or with a more 
obtuse cone. From these considera- 
tions, it is evident that different 
kinds of ore require a tuyere of dif- 
ferent taper ; but for the exact de- 
gree of this taper no general rule can 
be given. Experience must, in this 
instance, be the only guide. This 
will appear more evident on taking 
into consideration the kind of fuel 
and the pr< ssurc of the blast re- 
quired. Calcareous ore, as well as 
the pig-iron made from it, w’orks 
naturally hot at the tuyere; conse- 
quently, those more acute are em- 
ployed, and serve to drive the blast 
far into the furnace, by which means 
they are kept cool. This result can 
be effected by a water tuyfere. Clay 
ores, which work naturally cold, work 
better with one that is tapered. 
These considerations, which have a 
special bearing upon the working of 
furnaces and forges, are entirely of a 
practical nature ; and for this reason 
the management of the furnace or 
forge is accompanied with such dif- 
ferent results. It is evident that the 
modification of a tuyere cannot, at 
times, be so quickly accomplished as 
may be desired : months, and even 
year's, are often consumed, before the 
required form can be accurately de- 
termined ; in many cases, this form 
is never arrived at. The shape is 
therefore a matter which, as blast- 
furnaces, generally depends on the 
decision of the keeper or founder ; 
and as those formed of clay may be 
altered very conveniently, this may 
be assigned as one of the reasons 
why so many of that kind are in use. 
The whole matter, however, is di- 
ve-ted of its mystery, wlun it is 
found that an obtuse tuyere tends to 
work warm, while one more acute 
produces an opposite effect, and is 
more advantageous as respects both 
the quality and quantity of work; 
but it is more difficult to manage. 
The form of the nozzle, as well as 
that of a metal tuyere, is permanent ; 
and as the advantage of either shape 
can be arrived at, in a more or less 
perfect manner, by pushing in or 
drawing back the nozzle, no solid 
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objection exists against those formed 
of metal. Some difference should he 
made between the form of the nozzle 
«id that of the tuyere. An obtuse 
nozzle should work with the latter 
more acute: a slightly tapered nozzle 
with one greatly tapered. The 
latter form is generally preferred, on 
account of the facility of cleaning. 

In applying hot blast, the form of 
the tuyere and the nozzle is a mat- 
ter of indifference ; but in their con- 
struction it is found desirable to 
adopt the rules here suggested. The j 
advantages of liot blast are some- 
times doubtful; and it is therefore 
better to unite, by means of perfect 
fonns of apparatus, all the advan- 
tages derivable from the cold blast, 
and thus to regain what is lost in 
quantity by its employment. 

In forge fires there are generally 
hut one tuyere anti two nozzles. At 
refinery fires the tuyeres are often 
all on one side ; at other places on 
opposite sides. All these differences 
are the result of local causes, originat- 
ing in the form of the apparatus, the 
quality of the iron ami fuel, the pres- 
sure of the bla^t, and the qualifica- 
tion of the workmen. Their number 
and their position in the blast-fur- 
nace deserve attention. In using cold 
blast, few' should be employed, and 
in using hot blast as many as pos- 
sible. Cold-blast tuyeres are natu- 
rally troublesome; they are apt to 
become black, and require constant 
attention, as well in moving the 
nozzle as in patching them with 
clay : they also tend to produce 
white iron, and they cool the lower 
parts of the hearth. For these 
reasons their number should be re- 
duced as much as possible, as the 
hot-blast tuyere w'orks very hot, 
occasions but little trouble, is much 
inclined to produce gray iron, and 
tends to reduce silex, and conse- 
quently to produce a poor quality 
of iron. Therefore, the use of as 
many hot-blast tuyeres as can be 
conveniently employed is recom- 
mended. The position of tuyeres 
is most favourable when placed on 
both sides of the hearth. The timp 
is that part of the hearth which is 
first burnt out; and if the tuyere 
is in the back part of the hearth, 
the distance from it to the op- 
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posite timp is unnecessarily in- 
creased. 

Twitch., in mining , places where the 
vein becomes very narrow. 

Tye, in mining, the point where two 
veins cross each other. 

Tying, in mining, the term for one of 
the processes in washing ores. 

Tymp, in metallurgy, a long rect- 
angular casting of iron, placed upon 
the ‘tymp-arch* at the top of the 
hearth of a blast-furnace. It gene- 
rally has a wrought iron tube in its 
interior, through which cold w'ater 
is kept circulating : it is then called 
a water-tvmp. 

Tympan of an arch, a triangular 
space or table, in the corners or sides 
of an arch, usually hollowed, and 
enriched with branches of laurel, 
olive, oak, etc., and sometimes with 
emblematical figures. 

Tympanum, the triangular panel of 
the fastigium of any building com- 
prehended between its corona and 
that of the entablature : the panels 
of a framed door w r ere called tym- 
pana by the Romans. 

Typhoon is a name frequently ap- 
plied to a tropical storm : it is also 
given to the hot w'inds w'hich occa- 
sionally blow r with great violence in 
Africa, Syria, Arabia, and Persia ; 
and which are felt, though rarely 
and with much diminished force, 
in the southern parts of Italy and 
Spain. The sirocco of Egypt and 
the coasts of the Mediterranean, the 
simoom of Arabia, and the harmattan 
of the coast of Guinea, are under- 
stood to be so many designations 
of the typhoon ; all of them being 
supposed to originate in the same 
cause, with modifications depending 
merely on the nature of the particles 
exhaled from the ground in the dif- 
ferent countries. They are also said 
to cause w r ater-spouts at sea. 
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Ullage. The ullage of a cask siAi- 
fies its being only part full, or Art 
of its capacity occupied or unojl-u- 
pied : but only two situations of^Ue 
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cask are taken into consideration, 
namely, lying and standing. 

Ultramarine, Lazulme, or Azure, 
is prepared from tlie lapis lazuli , a 
precious stone found principally in 
Persia and Siberia. It is the most 
celebrated of all mod' rn pigments, 
and, from its name and attributes, 
is probably the same as the no less 
celebrated Armenian blue, or cyanus 
of the ancients. Of the latter, Theo- 
phrastus informs us that the honour 
of inventing its factitious preparation 
was ascribed in the Egyptian annals 
to one of their king". Ultramarine 
was so highly prized, that the Phoe- 
nicians paid their tribute in it, and 
it was given in presents to princes : 
hence it was a common practice, in 
those times, to counterfeit it. It is now 
manufactured artificially on a large 
scale by roasting alumina, sulphur, 
and iron together. The artificial 
product is in every respect equal to 
the natural one, a:id it cau be pro- 
duced for a few pence the pound, 
whereas the n dural pioduet costs 
as many guineas. 

Ultramarine ashes (mineral gray) 
are the residue of tapis lazuli from 
which ultramarine lias been ex- 
tracted, and vary in colour liom 
dull gray to blue. Although not 
equal in beauty, and infeuor in 
stiength of colour, to uiti.unarine, 
they are extremely useful pigments, 
affording grays much more pure 
and tender than such as are com- 
posed of black and white, or other 
blues, and better suited to the 
pearly tints of flesh, foliage, the 
grays of skins, the shadows of dra- 
peries, etc., in which the old masters 
were wont to employ them. Ul- 
tramarine broken with black and 
white, etc., produces the same ef- 
fect, and is thus sometimes car- 
ried throughout the colouring of a 
picture. The brighter sorts of ul- 
tramarine allies are more properly 
pale ultramarines, and of the cla^s 
of blue ; the inferior are called 
mineral gray. 

Umber, commonly called Raw Umber , 
is a natural ochre, said to have been 
first obtained from ancient Umbria, 
now Spoleto, in Italy. It is found 
also in England, and in most parts 
of the world; but that which is 
brought from Cyprus, under the 


name of Turkish Umber, is the best, 
It is of a brown citrine colour, semi- 
opaque, has all the properties of good 
ochre, is perfectly dm able both in 
water and oil and one of the best 
drying colours we possess : it injures 
no other good pigment with which it 
may be mixed. 

Undecagon, a polygon of eleven 
."ides. 

Undercroft, a subterraneous apart- 
ment or crypt. 

Underlay, m mining, when a vein in a 
mine hade * — inclines from a perpen- 
dicular line — it i> said to underlay. 

Underlay shaft, a shaft sunk on the 
eoui-e of a lode. 

Underlayer, in mining, a perpen- 
dicular shaft sunk to cut an under- 
lay iug lode at any required depth. 

Undershot wheel, in hydraulics, a 
wheel with a number of fiat boards, 
which receive the impulse of the 
water conveyed to the lowest part 
of the wheel by an inclined canal. 

Unguents, compositions of grease 
ot various kinds used to prevent 
friction. Unguents should be thick 
for heavy pressures, and thin for 
light pressures. Water may be 
u-cd as an unguent on sut faces of 
wood or leather. Oils, especially 
animal oils, are commonly used. 
Soapy Unguents are made of oil, 
alkali, and water, and are much used 
for lubricating railway carriage 
axles. 

Uniform motion. The velocity of a 
moving body is said to be uniform 
when the body passes over equal 
spaces in equal times. 

Union screws or joints, in loco- 
motive engines , the brass unions for 
connecting the elastic bore-pipe of 
the tender to the feed-pipe of the 
engine ; smaller ones also connect 
the tender steam-pipe with the feed- 
pipe and with the boiler. The feed- 
pipe is likewise attached to the 
lower end of the pump by a large 
union screw. 

Unit of work. The measure of any 
amount of work is the work done 
where a pressure of 1 lb. is exerted 
through 1 foot, the pressure acting 
in the direction in which the space 
is described. If instead of 1 lb. 
being mo^ved through 1 foot, it be 
moved through 2 feet, it is clear that 
the work is doubled, or that two units 
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of work have been done. The differ- 
ence between the aggregate work done 
upon a machine during any time by 
those forces which tend to accelerate 
the motion, and the aggregate work, 
during the same time, of those which 
tend to retard the motion, is equal 
to the aggregate number of units of 
work accumulated in the moving 
paits of the machine during that 
time, if the former aggregate ex- 
ceed the latter, and lost by them 
during that time, if the former 
aggregate fall short of the latter. 

In reference to the unit of time, 
the unit of mechanical power has 
been assumed to be 1 lb. raised 1 ft. 
high, and 1 minute as the unit of 
time ; the unit of work will therefore 
he represented by 1 lb. raised 1 foot 
high in 1 minute. Now, it is as- 
sumed that a horse is capable of 
doing 33,000 such units of work, i.e. 
that he is capable of raising 33,000 If >s. 
1 foot high in a minute, or 1 lb. 
33,000 feet high ; and this is called 
a horse’s power , and is the unit of 
work in reference to the unit of time 
commonly used in this country. 
The unit of heat, of course, eiders 
into the calculation of all physical 
work, as affecting all material bodies 
in respect to mass or weight. The 
French unit of heat (called a caloric') 
is the amount necessary to rake one 
kilogramme (2*2046215 lbs.) of 
water, 1° Centigrade in temperature, 
strictly from 0° C. to 1° C. Our 
mechanical unit, the foot-pound, is 
the force needed to rake one pound 
weight one foot above the earth. 
In France the kilogrammetre is the 
unit, being the force necessary to 
raise the kilogramme to a height of 
one mfctre, and is equivalent to 7‘233 
foot-pounds. 

Unity, a term used in art to ex- 
press the harmony or balancing of 
colour or composition, harmonious 
effect. 

Universal chuck, a circular plate to 
screw on the mandril of a lathe, and 
hold a nut or any small piece of 
metal to be bored : in the plate are 
two or more radial slots, lit ted by 
the jaws or pieces which project from 
the face of the chuck, moved by 
screws towards the centre and 
tightened upon the nut. 

Unmoor, in navigation, to reduce a 
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ship to the state of riding by a single 
anchor and cable. 

Unship, to remove anything out of s 
ship. 

Uranium, a metal discovered by 
Klapioth, and named by him after 
the planet Uranus. It is a whitkh 
metal. Peroxide of uranium is 
used to give a greenish colour to 
glass, and a suboxide produces an 
intense black which is used in porce- 
lain painting. The ore pitch-blende 
is a proto-peroxide of uranium. 

Urn, an ancient utensil, used for a 
variety of purpose* ; sometimes as 
the receptacle of lots or for votes at 
the public election of magistrates ; 
but its greatest and most ficquent 
use was as a receptacle for the ashes 
of the dead after their bodies were 
burnt. These urn-* were sometimes 
kept in houses, and ako put under 
tombstones, or within vaults or 
graves. Urns and similar vessels 
lia\e been found in the burial places 
of the ancient Britons. In modem 
tim ‘s the um is an utensil of do- 
mestic use. 
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Vacuum, a vacuity or space unoccu- 
pied by matter ; in pneumatics, 
the vacuum caused by an air-pump, 
■which is a degree of rarefaction 
sufficient to suspend the ordinary 
effects of the atmosphere. 

Vacuum-pump, a pump connected to 
the boiler of a marine engine, for 
charging the boiler with water 
from the sea by discharging the air, 
causing the water to rise within the 
boiler, from the pressure of the 
atmosphere without ; by this means 
much labour and time are saved, 
which would otherwise be expended 
in lifting the vats. 

Vair, a term in heraldry, being a fur 
composed of four distinct colours; 
argent, gules, or, and sable. 

Valonia, the acorn of the Quercus 
JEgilops, the great prickly cupped 
oak, used for tanning certain kinds 
of leather. 
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"Valve, in hydraulics , etc., a lid con- 
trived to open one way, to admit a 
fluid into a tube, but which shuts 
when pressed from the other, to pre- 
vent its return. In anatomy , a kind 
of membrane which opens in certain 
vessels to admit the blood, and shuts 
to prevent its regress. 

Valves, in blast machines , are essen- 
tial in blast- conducting pipes; first, 
for shutting tip the blast entirely; 
secondly, for diminishing and in- ! 
creasing it at pleasure. The first 
kind L needed where the blast is ; 
generated, lor various purposes, by 
the same blast machine. The valves 
in use are, the sliding, the conical, 
and the trundle. The two first- 
named are but little employed. If 
well made, the latter kind of valve 
is very useful. At one end it has a 
handle, and, in many instances a 
graded scale, which indicates the 
amount of air which passes through 
the valve, or, in other words, it ] 
shows the opening of the valve. At 
each tuyere or nozzle a valve is 
required, which serves either to shut 
off the blast entirely, or to regulate j 
the passage of whatever amount is 
needed. At the nozzle-valve, a 
scale is very useful, partly for the 
purpose of adjusting the blast, and 
partly for that of fastening the 
handle of the valve, and keeping it 
in a certain position. 

The laws which govern the con- 
struction of blast-pipes, valves, and 
tuyeres, are summarily as follows: 
The interior of the blast conductors 
should be as smooth as possible, 
as an uneven surface causes great 
friction. The friction of the air is 
proportional to the length of the 
pipe, and to the density of the air 
which passes through it. It is 
proportional to the square of the 
speed of the air, and the reverse of 
the square of the diameter of tlie 
pipe. Obstructions enured by short 
bends in such pipes are inversely 
■ : : ’ ■ .1 ‘ * f the bend, 

a': ■: .■ : laws of 

1 ; . " -itractions 

and expansions of the pipe occasion 
a whirling disturbance in the current 
of the air — a loss of power, or, what 
is the same, of blast. 

Valve, Safety, a valve in a steam- 
eugine, to obviate the danger of 
Z 3 


explosion, by allowing the steam to 
escape when the pressure is raised 
beyond a certaiu weight. 
Valve-seat, the flat or conical surface 
upon which a valve rests. 

Van, in mining, to wash or cleanse a 
small portion of ore in a shovel. 

Vanadium, a metal discovered in 1830 
by Sefstrone. It has been found in 
ores of iron and lead, and in the 
slags of the reducing furnaces of 
Taberg in Sweden. (See Metals . ) 

Vandyke Brown, a pigment hardly 
less celebrated than the great 
painter whose name it bears, is a 
species of peat or bog-earth, of a 
fine deep semi-transparent, brown 
colour. The pigment so much es- 
teemed and u^ed by Vandyke is 
said to have been brought from 
Cassel ; and this seems to be justi- 
fied by a comparison of Cassel 
earth with the browns of his pic- 
tures. The Vandyke browns in 
use at pre-ent appear to be terrene 
pigments of a similar kind, puritied 
by grinding and washing over : they 
vary sometimes in hue, and in de- 
grees of drying in oil, which they 
in general do tardily, owing to their 
bituminous nature, but are good 
browns of powerful body, and are 
durable both in water and oil. 

Vane, or Wind-vane, in navigation, 
a thin slip of bunting; a string of 
feathers, etc., stuck up to wind- 
ward, to show the direction of the 
wind. 

Vanes. In Europe, the custom of 
placing vanes on church steeples is 
very old ; and, as they were made 
in the figure of a cock, they have 
been thence denominated weather- 
cock*. 

Vanishing point, in perspective all 
the lines running in the same direc- 
tion converge to a point, and the 
point where the lines meet is called 
the vanishing point. 

Vanning, in mining, the process of as- 
certaining the quantity of tin, in any 
substance supposed to coutain it. 

Vanning shovel, the shovel upon 
which the powdered tin ore is vanned 
or washed. 

Vaporisation. The presence of mois- 
ture in the air is accounted for by 
a modification of the process of 
vaporisation. Water evaporates, or 
is converted into steam (bv steam 
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we here mean the elastic vapour of 
water, which is always invisible ; 
that which is commonly called steam, 
but properly cloud, is liquid water 
in a finely divided or powdered 
state, wafted like dust by currents 
of air, or of steam properly so 
called) at all temperatures, until 
the whole space above it, whether 
containing air or not, is pervaded 
with watery vapour of a certain 
fixed density and elasticity, de- 
pending on the temperature, and 
connected therewith by certain 
law's. The elasticity or expansive 
tendency of a fluid is estimated by 
the number of pounds or ounces 
with which it pre^es on each 
square inch of surface that it 
touches; or by the number of 
inches of mercury that it will sup- 
port, as in a barometer. 

Steam can exist at any given : 
temperature, and of such density | 
as to have a certain fixed pressure, ( 
and no more ; and (if there be \ 
water enough present) steam will 
be accumulated till it has this 
density ; but no more can then 
be accumulated without raising 
the temperature : and if the tem- 
perature be lowered, a portion of 
the steam will immediately become 
water, so that (occupying in this 
state some thousands of times less 
space than before) it may leave room 
for the remaining vapour to expand, 
till its expansive force is reduced 
to that which the new temperature 
can support. The pressure of steam 
is therefore always the same at the 
same temperature. At 212° its 
elastic force is equal to that of the 
atmosphere, and it will support a 
column of mercury 30 inches high, 
which is the reason that boiling 
requires this temperature in the 
open air, when the barometer is at 
30 inches ; but rather less or more, 
when the barometer stands lower 
or higher. Above tills temperature 
it becomes high-pressure steam, 
which at 220° will support nearly 
35 inches of mercury ; at 23u°, 
nearly 42 inches, and so on. Rut 
the steam which is thrown oil 
from the waters of the earth, from 
damp soil, from the foliage of plants, 
and even from ice and snow, has 
but a very small pressure. Steam 
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at 32° w'ill support only 0*200 of 
an inch of mercury ; at 40°, 0*263 
of an inch ; at 50°, 0*375 of an inch; 
at 60°, 0*524, or rather more than 
half an inch of mercury; at 80°, 
it w’ill support one inch, and so on. 
When the air contains as much 
vapour as can exist at the existing 
temperature, it is said to be satu- 
rated. If in this state it experience 
the smallest reduction of tempera- 
tine, some of the vapour must im- 
mediately become liquid, assuming 
the form of cloud, fog, or rain. 
The-c effects depend on the cooling 
of the air below (lie temperature 
necessary to retain all its vapour. 
But when a solid body is cooled be- 
low this temperature (the air remain- 
ing above it), a different kind of 
deposition occurs, called dew, which 
does not fall in drops from the air, 
but grows, as it were, on the solid. 
I>r. Wells proved, by a most com- 
plete investigation of this subject, 
that instead of dew cooling bodies, 
as commonly supposed, it is their 
cooling which causes dew ; and its 
formation often mitigates the cold, 
by the heat previously latent, which 
the steam gives out on condensing 
into water. The degree of heat at 
which dew begins to be formed is 
called the dew-point, and instru- 
ments called hygrometers have been 
invented to measure it. The differ- 
ence between the temperature of the 
dew-point and the temperature of 
the atmosphere indicates the degree 
of dryness, which in this country 
seldom reaches 30° ; that is, the 
temperature of the earth necessary 
to condense the vapour of the air 
is seldom 30° below* the temperature 
of the nil*. In India it has been 
known to be Cl° below it, and in 
Africa probably lower still. 

If, while dew* is forming, the earth 
continues to cool down until it 
reaches the freezing-point, hoar-frost 
is formed. The beaut it ul figures 
seen in winter on the inner surface of 
w indow-pancs, cooled by the external 
air, are produced by these cold sur- 
faces condensing the moisture of the 
wanner air within. , 

Varry, a term in heraldry, denoting the 
mixture of argent and azure together. 

Varvicite, an ore of manganese found 
in Warwickshire 
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Vat, a wooden tub, used to wash ores 
in ; a working tub of any kind ; a 
large tub used by brewers. 

Vault, in architecture, an arched roof, 
so contrived as that the several 
stones by their disposition shall sup- 
port each other. 

Veering, or Wearing, in navigation , 
the operation to which a ship, in 
changing her course from one board 
to the other, turns her stern to wind- 
ward, in opposition to tacking, where- 
in the bow is turned to the wind and 
the stern to leeward. 

Vehicle, Medium, a term used in 
art to denote the liquid used by 
artists to apply their colours ; in 
water-colour painting water is the 
vehicle; in oil-painting, oil (of which 
many kinds are used) is the vehicle. 

Vein, a course of metal in a mine : a 
rake vein is a vein inclined from the 
perpendicular ; a pipe vein is really 
a pipe or hole filled in with ore. 

V ein stuff, in mi n ing. (See Ma trix.) 
The non-metalliferous matter found 
in a vein or lode, or, more strictly 
speaking, the matter which is of no 
use to the miner. 

Veins have been formed by the 
filling up of cracks or fissures in rocks 
with metalliferous and non-metalli- 
ferous matter, or matter, rather, 
which contains no metal the object 
of extraction to the miner. Such 
matter is termed vein stuff, matrix , 
or gangue. 

Velatura, glazing a picture, by rub- 
bing the colour on with the hand, so 
as to cover thinly the whole surface 
of the picture ; this mode was much 
practised by the early Italian 
painters. 

Vellum, parchment made from the 
skin of calves and kids. 

Velocimeter, an apparatus for mea- 
suring the rate of speed of machinery. 
When the velocity is uniform, the 
instrument is merely a measurer of 
distance ; but this is not the case 
with a variable velocity, which re- 
quires a much more elaborate con- 
trivance for its estimation. Such a 
velocity-measurer was constructed 
by Breguet, of Paris, under the di- 
rection of M. Morin, the principle 
of which may be briefly explained 
as follows: a circular disc, covered 
with card or paper, is made to re- 
volve with a uniform motion by 


1 means of clock-work, regulated by 
air- vanes : upon this disc, a revolv- 
ing pencil, whose motion is caused 
by and corresponds with that of the 
body whose variable velocity is to be 
measured, describes a curved line ; 
and from this curve, which results 
from a combination of the variable 
with the uniform motion, the velocity 
may be easily ascertained by pro- 
cesses and formula; adapted to the 
purpose. One of these cards, with the 
curve traced on it by the piston of the 
Cornish steam-engine at Old Ford, 
is engraved in the ‘Transactions of 
the British Association for the Ad- 
vancement of Science.* This beau- 
tiful and ingenious contrivance, by 
which spaces described iu the ten- 
thousandth part of a second may 
be easily discerned, is the invention 
of M. Poncelet, and was carried 
into execution by M. Morin. 

The instrument, when put in 
order, was first tried at King’s 
College, London, a variable motion 
being given by a small carriage 
made to descend an inclined plane. 
The correspondence of the velocity 
shown by the machine with that 
deduced by the known laws of dy- 
namics, was such as to give great 
confidence in its accuracy. After a 
few minor alterations, suggested by 
frequent trials, it was removed to 
the East London Water- Works, and 
attached to the Cornish engine at 
work there, from which severa 
diagrams were taken ; and the 
velocities calculated from these have 
been expressed in the form of geo- 
metrical curves, whose abscissa; 
represent the spaces passed over by 
the piston of the engine, and whoso 
ordinates indicate the corresponding 
velocities at the different points « 
the stroke. 

Velocipede, a carnage which is 
capable of being propelled along a 
road by the muscular power of the 
rider acting upon treadles or levers 
which communicate with a cranked 
wheel axle. 

Velocity, in dynamics, is the ratio 
of the quantity of linear extension 
that has been passed over in a cer- 
tain portion of time ; or it is the ratio 
of the time that has been employed 
in moving along a determinate ex- 
tension. 


515 



VELOCITY. 


VEi 


When a man ascends vertically, 
his velocity is reduced to about one- 
half of his horizontal velocity, indi- 
cating that he acts against a* double 
resistance ; therefore, when a man 
ascending a ladder carries a load, 
the maximum effect will take place 
when his ascending velocity is 
about one-fourth of the velocity he 
can walk horizontally without a 
load. 

A man of ordinary strength will 
not be able to walk, unloaded, at a 
quicker rate than 3£ miles an hour, 
if this exertion is to be continued for 

10 hours every day. Indeed, those 
who examine the subject with a 
view to a fair average, will find this 
to be about the extreme velocity 
that can be continued, without in- 
jury, for any considerable time; 
therefore a man ought to move with 
half this velocity to produce a maxi- 
mum effect ; that is, at the rate of 

11 mile an hour, which is about 2£ 
leet per second. 

But this supposes the whole load to 
be the useful effect, whereas part of 
it mu^t consist of the apparatus em- 
ployed to carry it, or the friction of 
the intermediate machine, or other 
circumstances of a like nature. 
About one-fifth of the velocity may 
be considered equivalent, at an 
average, to the force lost in friction, 
etc., in all cases; in many it wi'l 
exceed one-fifth. Hence the maxi- 
mum of usual effect will take place 
when the velocity is 2 feet per se- 
cond, or about 11 furlongs an 
hour, continued for ten hours each 
day* 

Smeaton is said to have made 
numerous comparisons, from which 
he concluded that the mechanical 
power of a man is equivalent to 
3,750 lbs. moving at the velocity of 
one foot per minute ; and taking 
this average to be near the true 
one, as there is reason to conclude 
it is, we have 


3750 
2~x GO 


31*35 lbs. 


Therefore, we make the average me- 
chanical power of a man 31*35 lbs 
moving at the velocity of 2 feet 
per second, when the useful effect 
is the greatest possible; or half 
a cubic foot of water raised two 
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feet per second ; a very corn*; n.Ynt 
expression of hydro dynamical in- 
quiries. 

If a man ascend a vertical ladder, 
according to a preceding remark, 
the velocity which corresponds to the 
maximum of useful effect, will be 1 
foot per second, and the load double 
that which he carries horizontally ; 
consequently the average of useful 
effect is 62*5 lbs. raised one foot per 
second. 

Bricklayers* labourers in London 
ascend ladders with a load of about 
80 lbs. besides the liod ; sometimes 
at the rate of one foot per second, 
but more frequently about 9 inches 
per second. 

Ascending stairs is more trying 
to the muscles of the legs than 
ascending a ladder; and therefore 
the useful effect is less, till a per- 
son has become accustomed to this 
kind of labour: and it is also to be 
observed that the space moved over 
is increased, unnecessarily, except 
where the horizontal distance is part 
of the path over which the load is to 
be moved. 

The force of a horse is, at an 
average, about equal to that of six 
men, according to various estimates ; 
and the rate of travelling about the 
same, perhaps rather less than that 
of a man, when his exertion is con- 
tinued for 8 hours: consequently the 
velocity corresponding to the maxi- 
mum effect will be about 2h feet per 
second. Whence, the average me- 
chanical power of a horse may be 
estimated at 187 b lbs moving with a 
velocity of 2h feet per second, or 3 
cubic feet of water raided 2h feet per 
second ; the day’s work being 8 
hours. 

Velocity of motion. The following 
is a list of the velocities of moving 
bodies, extracted from PcscluTs 
‘ Elements of Physics,’ etc. 

Feet per second 
Rivers ... 

A very rapid stream • 

Wind (ordinary) • 

Storm • • 

Hurricane . • 

Sound (through air) . 

Sound (through metal) 

Air into a vacuum 
Ball from air-gun (air con- ) ($7 

densed 100 times) J 


3-4 

13 

10 

54 

80-120 

1,100 

12,000 

1,280 
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Musket-ball . . . 1,280 

Rifle-ball (at most) . . 1,600 

Cannon-ball (24-pounder) . 2,450 

Earth’s rotation (at equator) 1,525 

„ centre (in its orbit) 101,061 


Race-horse 

Miles per hour 
GO 

Pigeon 

. 20-30 

Peregrine falcon 

. . 120 

Ocean steamer . 

12 

River steamers . 

22 

Railway tiairi 

80 

Sailing vessel 

10 

Malay proa 

20 

Light . . • 

Miles per second 
. 200,000 

Electricity • 

. 570, IJOO 


Velvet -painting is the art of colour- 
ing on velvet with transparent liquid 
and other readily diluted colours, 
compounded and made up with 
various acids, alkalies, etc. accord- 
ing to their nature and qualities*. 

Venetian School. This school would 
have required no further illustra- 
tion from any other pen had Si- 
gnor Antonio Zanetti, in his work 
upon Venetian painting, included 
a more ample consideration of the 
artists of that State. Eidolli and 
Boschini also furnish copious ma- 
terials. 

It is said that Antonello da 
Messina having been instructed in 
the secret of colouring in oils by 
Giovanni Van Eyck, in Flander*, 
received a public salary, and then lie 
divulged the method of painting in 
oils to the Venetian professors ; tin's 
appears from superscriptions attach* d 
to lii^ pictures to have taken place 
about the year 1474. 

The colmus of these artists (those 
preceding Titian and Giorgione) are 
simple • and natural, though not 
always in union, more especially 
with the ground, nor sufficiently 
broken by the chiaroscuro. 

In seeking the cause of their 
superiority it is to be remarked 
that it was a common practice in 
Titian’s time, to prepare with a 
chalk-surface the altar-pieces and 
pictures which were to be executed ; 
and that white ground, favourable 
to every variety of tint the painter 
could lay upon it, equally fa- 
voured the production of a certain 


polish, floridity, and surprising 
transparency. 

The harmony of colours was 
not better understood by any other 
artists, insomuch that the mode of 
assimilating and of contrasting 
them, may be considered as the 
second source of the delightful and 
lively, so predominant in their 
work*, and more especially in those 
of Titian and his contemporaries. 

Such skill was not merely con- 
fined to the fleshy parts, in whose 
colour the disciples of Titian have 
so far excelled every other school, 
it extended also to the drapery. 
For, indeed, there are no pieces 
of velvets, of stuffs, or of crapes, 
which they did not imitate to per- 
fection. 

Titian is universally considered 
the founder of the Venetian school 
of painting. Some of the principal 
masters of this school are — 


Giorgione . 
Seb.istiano del 
I’iombo 
Pordenone . 
Titian 

Tintoiotto . 
Jacopo di Ponte 
Paul Veronese 
Tiepolo 


. b. 1477, d. 1511* 

. b. 1485, d. 1547. 
. b. 1181, d 1540. 
. b. 1477, d. 1576. 
. b. 1512, d. 1594. 
. b. 1510, d. 1592. 
. b. 1528, d. 1581. 
. b. 1696, d. 1769. 


Venetian Red or Scarlet Ochre. 
Tiue Venetian red is said to be a na- 
tive ochre, but the colours sold under 
this name are prepared artificially 
from sulphate of iron, or its resi- 
duum in the manufacturing of acids. 
They are all of redder and deeper 
hues than light red, are very per- 
manent, and have all the proper- 
ties of good ochres. Prussian red, 
English red, and rouge de Mars are 
other names for the same pigment. 

Venetian White, a carefully pre* 
pared carbonate of lead. 

Venice Turpentine, a liquid used by 
some artists as a glazing, but it is 
now generally pronounced hurtful to 
tiie picture, and is not often used. 
It is obtained from the pinus laryx. 

Ventilation and warming of 
buildings is a twofold purpose 
that should enter into the construc- 
tive design of all edifices intended 
for the residence or occasional con 
gregation of human beings. The 
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necessity for this purpose arises from 
the fact that the breathing of air (as 
one of the functions of animal life) 
renders it unfit for re-inspiration, 
the lungs retaining the vital pro- 
perties and emitting the remainder, 
which consists of ingredients detri- 
mental to health, and even destruc- 
tive of life itself. In order to keep 
an apartment in a healthy and 
pleasant condition, fresh air should 
be constantly supplied at a tempe- 
rature from" GO 0 to G5°, and the 
vitiated air should be as constantly 
removed ; and all the varied schemes 
which have been propounded for 
ventilating buildings have this com- 
mon purpose of constant supply and 
removal. The vitiated air, on being 
emitted from the mouth, has a tempe- 
rature between 80° and 90° ; and as 
the universal effect of heat, mani- 
fested in the increase of temperature 
of the supply, G0° or G5° to 8"° or 
90°, is to expand and enlighten, the 
vitiated air has a natural tendency to 
rise to the upper part of the room. 
To allow this action to proceed, it 
is evidently necessary that means 
for its escape to the top should be 
provided, and al*o that fresh air 
should be introduced at the lower 
portion of the apartment. The 
operation would, however, be nulli- 
fied if the heated air, on emerging 
from the top of the room into a 
shaft or chimney intended to con- 
duct it away, were met by a down- 
ward current of cold air ; and it has 
therefore been deemed advisable to 
provide not only such a shaft or 
chimney, but also some means by 
stoves or other apparatus, of arti- 
ficially heating the air in the shaft 
and thus assisting the escape of the 
foul air. And further, in order to 
secure the constant accession of 
fresh air and give sufficient impulse 
to it to overcome any tendency that 
■might be created to oppose its 
introduction by a retrograde move- 
ment of the atmosphere of the build- 
ing, means have been adopted of 
forcing this fresh air in with fans 
or bellows. But these two sets of 
apparatus have been seldom com- 
bined. Those who have adopted the 
shaft have usually contemned the 
fan, trusting to the sucking action 
of the former to draw off aU the 
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vitia'ted air, and concluding that 
fresh air must enter as rapidly to 
fill its place; and, on the other 
hand, the adopters of the fan decry 
the addition of the heating appa- 
ratus in the shaft, and contend that 
its only effect is to draw down foul 
air for its own supply, and to impede 
the upward current created by this 
fan. This effect should be obviated 
in a well-acting apparatus, which 
would then doubtless assist the fan 
in promoting the continual passage 
of pure air throughout the building. 
Tlie objection which has been en- 
tertained against the u~e of the shaft 
without the fan, or some other 
adequate forcing apparatus is well- 
founded on the well-known elasticity 
of the atmosphere, by which it is 
susceptible of rarefaction to a con- 
siderable extent. The heated shaft 
consequently acts as a pump in 
sucking the warmed air upwards, 
and if no force is in action from 
below to drive this air upward by the 
pressure of fresh air entering the 
apartments, the atmosphere becomes 
rarefied to a degree which is both 
unpleasant and prejudicial to senti- 
ent existence. It is therefore essen- 
tial that the two processes of ex- 
haustion and supply shall proceed 
simultaneously, and be so regulated 
that no rarefaction shall be suffered 
in the air to be breathed. The pur- 
pose of warming the air in winter, 
and of cooling it in summer, that is, 
more properly, of attemperating it, 
should be sought, and may be at- 
tained conjointly with that of 
ventilation ; and one of the best 
arrangements yet carried out for 
these combined objects is presented 
in the system adopted at the Reform 
Club-house in London. The supply- 
ing apparatus there employed con- 
sists of a large fan which revolves 
rapidly in a cylindrical case, and i3 
adapted to throw 11,000 cubic feet 
of air per minute into a spacious 
subterranean tunnel under the base- 
ment story of the building. This 
fan is driven hv a steam-engine of 
5-horse power, -working expansively. 
It is placed in a vault in front of the 
building, and as it bums anthracite 
coal and cinders from the house 
flues, is not productive of any nui- 
sance or offensive smoke. The 
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steam of condensation supplies three 
chests, constructed of cast-iron, with 
the heat requisite for warming the 
building. Each of these chests is a 
cube in form, and measures 3 feet 
externally, and is internally divided 
into seven parallel cases, each 3 
inches wide, and separated by alter- 
nate parallel spaces, of similar width, 
for the passage of the air as it is 
impelled by the fan. By this eco- 
nomical arrangement, which thus 
makes good use of the steam of 
condensation, 2 cut. of fuel is suffi- 
cient for working the engine during 
twelve hours, the engine being 
besides available for pumping water 
for the purposes of the establish- 
ment, and raising coals to the 
several apartments on the upper 
stories. The air in passing through 
the cells between the steam cases 
is heated to a genial temperature 
of from 75° to 85°, and thence 
enters a chamber of brickwork in 
the basement, from which it is ad- 
mitted into several distinct flues, 
regulated by dialled valves or re- 
gisters, and thus conducted in any 
required quantities to the several 
apartments of the building. A stove 
is placed in the top story, and is 
formed as a rectangular * chest of 
cast-iron, • contracted above into a 
round pipe, which discharges the 
burnt air and smoke into a series of 
horizontal cast-iron pipes, above 4 
inches in diameter, which traverse 
the room beneath the ceiling and 
terminate in a brick chimney. One 
advantage of such an apparatus as 
the one described would be that of 
introducing cool air during sultry 
weather, for which purpose it might 
be readily adapted. 

Ventilator, a machine made to turn 
with the wind, and placed in a wall 
or roof, in order to throw a due 
quantity of fresh air into a close 
apartment or a mine. 

Venturine, powdered gold used in 
japanning. 

Verde Antico, a green breccia. (See 
Breccia.') 

Verde Eterno, a kind of neutral 
verdigris, used either as a solid paint 
or a glaze by the early Venetian 
artists. It was of a beautiful dark 
green colour. 

Verde de Miniera. Bice, which see. 


Verde de Spagna. Ditto (see Rice). 

Verderer. A verderer is a judicial 
officer of the king’s forest, hosen 
by the king’s writ and full county 
of the same shire within which the 
forest is, and sworn to maintain and 
keep the assize of the forest, and also 
to view and receive, enrol the at- 
tachments and presentments of all 
manners of trespass of the forest, vert 
and venison. It fiutlier appears that 
in all the king’s fore&ts there ought 
to be four officers 4 called Verderers, 
which ought to be esquires or gentle- 
men of good account, abilitie, and 
living, wliich are wise and discreet 
men, and well learned in the lands 
of the forest.’ The real duties of 
the Verderer — duties for which he 
was well remunerated, and from 
which he derived distinction — passed 
away when 6 vert and venison ’ 
ceased to exist, except as curious 
terms. When the Verderer went 
forth with sword and javelin to pro- 
tect the king’s deer, the office was 
doubtless one of a sufficiently arduous 
character, as marauders were plenti- 
ful and the law was weak. Later, 
when the law became more powerful, 
and deer-stealers less numerous, the 
duties were limited to presiding 
over a petty court which possessed 
no criminal jurisdiction, and investi- 
gated simple charges of trespass and 
robbery. The duties having ceased, 
no emolument attaches to the office, 
which confers a title only, the peculi- 
arity of which, perhaps, is its chief 
attraction, and which possesses a 
lustre from its having been borne by 
worthy and illustrious families in 
the county. 

Verdetto, a green bice. (See Bice.) 

Verdigris. (See Copper-green.) 

Verditer. There is a blue verditer, 
called also cendres bleu , which is 
prepared by the decomposition of 
a solution of nitrate of copper by 
lime, and a green verditer, verde di 
terra , which is a mixture of earthy 
matter with a native carbonate of 
copper. The former is used more in 
house-painting than in the arts. 

Verdoy, a term in heraldry, applied 
when a border is charged with 
leaves, fruits, and flowers, aud like 
vegetables. 

Verge, a rod, wand, or serjeant’s 
mace; also the compass about the 
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Ling’s court that bounds the juris- 
diction of the lord steward of the 
Ling's household, and of the coroner 
of the king’s house, and is accounted 
12 miles’ compass ; also a rod 
whereby one is admitted tenant, 
holding it in his hand and swear- 
ing fealty to the lord of the manor, 
and for that cause called tenant by 

the verge. A small ornamental 

shaft in Gothic architecture. 

Vermiculated, chequered; contin- 
uous; embroidered with several co- 
lours. 

Vermile, a cloth or napkin on which 
the face of Christ is depicted, de- 
rived from the incident related of 
St. Yeronica. 

Vermilion, a sulphuret of mercury, 
which, previous to its being levi- 
gated, is called cinnabar. It is an 
ancient pigment, and is found in a 
native state, and produced artificially. 
V ermilion probably obtained its name 
from resemblance to or admixture 
with the beautiful though fugitive 
colours obtained from the vermes, 
or insects which yield carmine. 

Vernier, a graduated movable index, 
used for measuring minutely the 
parts of the space between the equi- 
distant divisions of a graduated scale. 

Verona Green, a mineral called also 
Green Earth. 

Versed sine of an arc, in geometry , 
the position of the diameter inter- 
cepted between the sine and the com- 
mencement of the arc. 

Vert, in heraldry , a green colour; in 
the ancient forest laws, everything 
that grows and bears a green leaf 
within the forest that may cover and 
hide a deer. 

Verzino, a lake obtained from Brazil- 
wood, sandal-wood, or logwood. 

Vestiary, a wardrobe, or place to lay 
clothes or apparel in. 

Vestibule, in aichitecture, the porch 
01 the first entrance of a house. 

Vestibulum, part of the andronitis 
of a Greek house, similar, probably, 
to the prostas of the first peristyle or 
court. 

Vestment, a set of hangings for the 
service of an altar: and also a suit 
of robes for a prie-t. 

Via {Latin), by waj r of; in the time 
of the Homans, a road or a right of 
road. Two shallow trenches were 
commonly dug parallel to each 
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other, marking the breadth of the 
proposed road : this in the great 
lines, such as the Via Appia, the 
Via Flaminhi, the Via Yoleria, etc., 
is found to have been from 13 to 15 
feet, on the Yia Tuseulana 11 ; while 
those of less importance, from not 
being great thoroughfares, such as 
the via which leads up to the temple 
of Jupiter Latialis, on the summit of 
the Alban Mount, and which is to 
the present time singularly perfect, 
seems to have been 8 feet wide. 

Viaduct, a term applied to extended 
cor^tiuctions of arches or other 
artificial works to support a road- 
way, and thus distinguished from 
aqueducts , which are similar con- 
structions to support waterways. 
This term has become much more 
familiar within the present century, 
in consequence of the great number 
of vast structures so designated 
which have been erected in various 
parts of Great Britain for the pur- 
pose of carrying railways over 
valleys and districts of low level: 
but the general name of viaduct is 
now recognised as applicable to all 
elevated roadways for which arti- 
ficial constructions of timber, iron, 
bricks, or stonework are established ; 
and accordingly among the princi- 
pal railway works are to be enu- 
merated viaducts of all these ma- 
terials. The vast dimensions of 
some of these structures are not 
more striking to the casual observer, 
than their great strength, as par- 
ticularly adapted to railway traffic, 
is apparent upon a careful study of 
their construction. The several 
members of a viaduct arc the same 
as those of a bridge; indeed the 
former structure may be considered 
as an extended bridge, frequently 
revolted to in situations where no 
water is to be crossed. The necessity 
which is imperative in the construc- 
tion of railways for preserving a 
horizontal level for the roadway, or 
at least departing from this level 
within very restricted limits, im- 
poses the raising of the railway sur- 
face in many places, and to a con- 
siderable extent above the natural 
level. Various considerations arise 
as to the preferable mode of effecting 
this raising, whether by solid em- 
bankments of earthwork or by an 
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open or arched structure of other 
materials. Embankments of earth- 
wurk are often liable to subsidence 
from want of cohesion in the ma- 
terials or the effect of long-con- 
tinued rains; and if free from actual 
dinger arising from the^e liabilities 
they are always source's of much 
constant expense in making up the 
surface to the required level, to coin- 
pens ite for the continual depression 
caused by the passage of heavy loads 
over them. As a question of econ- 
omy, therefoie, viaducts are of ion 
to be preferred, since their repairs 
involve less expense than those of 
embankments. It must also be 
considered that the lath r. owing to 
their necessary extension of base, 
cover a much wider poition of 
ground than viaducts, and at the 
same time cover it in a more abso- 
lute anti objectionable manner. A 
solid embankment, like a black line 
across a picture, spoils a beautiful I 
landscape, and often precludes all 
view beyond it fiom sites which 
otherwise command an extended 
range. If the sub- formation of the 
valley be of a very loose and boggy 
nature, embankments are scarcely 
admissible, nor, if the height to be 
raised exceeds 30 or 40 feet, can 
they be entertained. Indeed, in the 
majority of cases, valleys, whether 
having rivers of magnitude or 
not, are more economically cio-sed 
spon viaducts than embankments. 

Whatever the materials of the 
structure or its finished design, the 
same points are to be observed in 
the construction ; and the lirst of 
these is the strength and durability 
of the foundations. A substantial 
and permanent character should 
always be secured for these, even 
if the superstructure is intended to 
aim at cheapness rather than solidity. 
It is often requisite that piers and 
abutments be constructed upon 
piling, — a form of foundation adapt- 
ed, if thoroughly executed, to ailord 
the most secure baris ; but if done 
carelessly and insufficiently, liable 
to involve the most destructive 
failures. The citation of a few of 
the most extended works of this 
cla-s, of modern date, will best show 
the details of the present approved 
kinds of construction. 


Of timber viaducts, two fine ex- 
amples of similar construction are 
presented on the line of the New- 
castle, North Shields and Tyne- 
mouth Railway. One of these 
works, which crosses the Ouse 
bourn, besides a public roadway, a 
mill race, and the adjacent valley, 
consists of five spans or arches of 
timber- work, and four end arches 
of masonry. Of the former arches, 
three are 11G feet wide in the clear, 
and two 114 feet. Two of the end 
arches are 43 feet span, and the 
other two 30 feet. The height of 
the rails above the bed of the bourn 
is 108 feet. The width of the struc- 
ture allows 26 feet for a double line 
of rails, and 5 feet for a footway. 
The total length of the viaduct is 
91b feet, and the two middle piers 
are erected upon piles, from 21 to 27 
feet in length. All the piers are of 
masonry, and tapered upwards, the 
principal being 21 feet wide above 
the footings and Id feet at the 
springing oi the arches. The piers 
are continued upwards, of reduced 
dimensions, to the level of the road- 
way, the whole of the five main 
arches, spandrilling, and superstruc- 
ture. being formed of timber. The 
radius of these arches is 68 feet, and 
their rise or versed tine about 33 
feet. The ribs forming the arches 
are composed of planks of kvanized 
Dantzie deal, the lengths of which 
varv from 20 to 46 feet, by 11 
inches wide, and 3 inches thick. 
These planks are so arranged, that 
the tir?t course of the rib is two 
whole deals in width, the next is 
one whole and two half deals, the 
joints b( ing crossed longitudinally, 
as well as in the depth. The thick- 
ness of each rib is made up of four- 
teen deals, which are bent over a 
centre to the required form, and 
lixed together with oak trenails, 
inch in diameter, placed 4 feet apart, 
and each trenail perforating three of 
the deals. Between the joints a 
layer of strong brown paper is placed, 
previously dipped in boiling tar. 
The spandriK are formed of trussed 
framing ; and the platform of the 
roadway, which is composed of 3- 
inch planking, is supported upon 
transverse beams laid 4 feet apart. 
The platform is covered with a coin- 
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position of boiling tar and lime, 
i mbogd with gravel in applying it, 
► » tbj forming a coating impervious 
to water. 

There are several other modes of 
constructing timber viaducts, with- 
out introducing the arches, composed 
of planks curved into proper form, 
and which, being laid together like 
leaves, as just described, have ob- 
tained for this kind of construction 
the name of the ‘ laminated bridge.’ 
In other forms of timber viaducts, 
the requisite strength is obtained by 
trussing, the peculiar description and 
complication of which depends, of 
course, mainly on the extent of the 
span or width of each lay of which 
the entire structure consists. Where 
a great w'idth of clear opening is re- 
quired, a system of diagonal bracing 
offers peculiar advantages, being 
susceptible of any desired strength 
and rigidity. A viaduct of great 
extent, built upon this principle, is 
on the line of the Richmond and 
Petersburg Railway, North America. 
The length of this structure is 2,900 
feet, and the trusses aie supported 
upon eighteen granite piers, the dis- 
tances between which vary from 130 
to 153 feet. They are founded on 
the granite rock,' and are 40 feet 
high above the water. The depth of 
the truss frames (which are horizon- 
tal on top and bottom) is 20 feet. 
Another work of the same kind 
crosses the Susquchannah, and is 
2,200 feet in length, divided into 
spans of 220 feet each. 

Of viaducts formed of brickwork 
and masonry, that named the 
* Avon viaduct,’ on the line of the 
North-Western Railway, may be 
mentioned. This consists of nine 
semi-elliptical arches, 24 feed in 
span, and 7 feet G inches rise, and 
three semicircular arches at each 
end of 10 feet span. This viaduct 
is entirely faced with stone, the 
interior of the work being of brick. 
The end arches have brick invert 
between the piers above the founda- 
tions, which are laid uniformly in a 
solid bed beneath these arches, with 
steps according to the nature of the 
substratum. An invert of brickwork 
is built to the three middle arches, 
forming an artiticial channel for the 
river, and faced at each end with 
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a row of sheet piling, driven through 
the loam into a bed of strong gravel 
beneath. All the foundations which 
do not reach the gravel are laid upon 
beds of concrete, and a layer of the 
same material covers the extrados 
of the arches, and forms a level bed 
for the gravel in which the sleepers 
of the railway are bedded. Many 
similar works of much more ex- 
tended dimensions have been erected 
for railway communication. One 
of these, of peculiarly light appear- 
ance, is known as the 4 "Victoria 
Bridge,’ and built over the valley of 
the river Wear, on the line of the 
Durham Junction Railway. This 
work consists of two main arches, 
one 1G0 feet span, the other 144 feet, 
two others, each 1G0 feet span, and 
six end arches of 20 feet span. The 
height of the parapet above the 
high-water level at spring tides is 
125 feet, and all the arches are semi- 
circular. The central pier is 23 feet 
9 inches in width, and G9 feet high 
front bottom of footings to springing 
of arches. The two contiguous piers 
are 21 feet wide, one 50 feet, the 
other 52 feet high. The height of 
tlie parapet above the springing line 
of the two main arches is 78 feet. A 
viaduct, recently constructed over 
the Moine, at Clisson, near Nantes, 
in Brittany, is worth notice, for a 
peculiarity’ in its construction, 
■which, although not strictly new, is 
to be found in very few examples. 
This peculiarity is, that the piers 
are pierced with a pointed arch, 
which intersects the cylindrical soffit 
of the main arches in the direction 
of the length of the viaduct, so that 
the roadway is supported upon a 
groined vault, which, seen from 
the abutments, has the appearance 
of the aide of a Gothic cathedral. 
This viaduct consists of fifteen 
arches, and is 348 feet in length. 
The abutments rest upon a granite 
foundation, the structure itself being 
constructed of a fine white granite, 
and the stones of large size. The 
foundations are 6 feet below the bed 
of the river, the height from which 
to the springing line of the arches 
being 33 feet, and the total height 
from the foundation to the top of 
the parapet 61 feet. 

Vibration, the regular reciprocating 
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motion of a body, as a pendulum, 
musical chord, etc. 

Vice, a tool for holding a piece of 
metal, while operating upon it, by 
placing it between two jaws or nip- 
pers, and screwing them towards each 
other. 

Vice -bench, the bench to which a 
vice is fixed. 

Villa, among the Romans, a farm or 
country house. 

Villa rustic a, a tasteful country 
residence amongst the Romans and 
Italians. 

Villa urbana, a residence so called 
by the Romans, because its interior 
arrangements correspond principally 
with those of a town house. 

Villas of the ancients. Varo Colu- 
mella says, ‘ An estate should be in 
a wholesome climate and fruitful 
country ; one part champaign, and 
the other hilly, with easy descents 
either to the east or south ; some of 
the lands cultivated, others wild and 
woody ; not far from the sea or a 
navigable river, for the easier ex- 
portation of the produce of the 
farm, and the importation of ne- 
cessaries. The champaign lying 
below the house should be dis- 
posed into grounds for pasture and 
tillage, osiers and reeds ; some of 
the " hills should be naked and 
without trees, that they may serve 
best only for corn, which grows in 
a soil moderately dry and rich, bet- 
ter than in steep grounds; where- 
fore the upper corn-fields should 
have as little declivity as possible, 
and ought to resemble those in the 
plain: from thence, the other hills 
should be laid out into olive grounds 
and vineyards, and produce trees 
necessary to make props for those 
fruits, and, if occasion should re- 
quire building, to afford timber and 
stone, and abo pasture for cattle. 
Moreover, constant rivulets of water 
should descend from thence upon 
the meadows, gardens, and osier- 
grounds, and also serve for the con- 
venience of the cattle that graze in 
the fields and thickets, but such a 
situation is not easily to be met 
with; that ■which enjoys most of 
these advantages is certainly most 
valuable ; that which has them in a 
moderate degree, is not despicable. 
The natural good qualities of a situ- 


ation mentioned by Palladio are, 
salutary air, plenty of vchxMsomem 
water, a fruitful soil, and a 
dious place : we may hence conclude 
that those places are healthy that 
are not located in deep valleys, or 
subject to thick clouds, where the 
inhabitants are of a fresh com- 
plexion, have clear heads, good 
sight, quick hearing, and a free dis- 
tinct speech ; for by these things is 
the goodness of the air distinguish- 
ed ; and the contrary appearance 
proclaims that climate to be noxious. 
The unwkole&omeness of water may 
be thus discovered : in the first 
place, it must not be conveyed from 
the ditches or fens, or rise from 
minerals, but be very transparent, 
not tainted either in taste or smell, 
without settlement, in winter warm, 
in summer cold ; but because nature 
often conceals a more lurking mis- 
chief, in these outward appearances, 
we may judge whether water is good 
by the health of the inhabitants : if 
their cheeks are clear, their heads 
sound, and little or no decay in their 
lungs and breasts ; for generally 
where the distempers in the upper 
part of the body are transmitted 
down to the lower, as from the head 
to the lungs or stomach, there the 
air is infectious : besides, if the belly, 
bowels, sides, or veins, are not afiliet- 
ed with aches or tumours, and there 
is no ulcer in the bladder ; if these 
or the like are apparently in the 
major part of the inhabitants, there 
is no cause to suspect the unwhole- 
someness of the air and water. The 
fatal consequences proceeding from 
bad air, Varro tells us, are in some 
measure to be alleviated, if not pre- 
vented, by the skill of the architect. 
Ilis words are : That land which is 
most wholesome is most profitable, 
because there is a certain crop ; 
whereas, on the contrary, in an un- 
healthy country, notwithstanding 
the ground is fertile, yet sickness 
will not allow the husbandman to 
reap the fruits of his labour; for 
where one exposes his life to certain 
dangers, for uncertain advantages, 
not only the crop, but the life of the 
inhabitant is precarious ; wherefore, 
if it is not wholesome, the tillage- i3 
nothing else but the hazard of the 
owner’s life and his family : but this 
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ii> convenience is remedied by know- 
ledge, for health, which proceeds 
ftom the air and soil, is not in our 
disposal, but under the guidance of 
nature ; yet, nevertheless, it is as 
ranch in our power to make that 
burden easy by our own care ; for, 
if upon account of the land or water, 
or some unsavoury smell, which 
makes an iiruption in some part of 
if, the farm is made unwholesome, 
or upon account of the climate, or a 
bad wind that blows, the ground is 
heated, these inconveniences may 
be remedied by the skill and ex- 
pense of the owner, which makes 
it of the last concernment where 
the villas arc placed, how large 
they are, and to what quarters their 
porticoes, gates, and windows are 
turned. Did not Hippocrates the 
physician, in the time of a great 
plague, preserve not only his own 
farm, but many towns, by his skill ? 
When Varro and his army and his 
fleet lay at Corcyra, and every 
house was filled with sick persons 
and dead bodies, by his care in 
making new windows to the north- 
east, and obstructing the infection 
by altering the position of the doors, 
he preserved bis companions and 
family in good health. As a house 
should be built in a wholesome 
country, so it should be in the most 
wholesome part of a country; for 
an open air and at the same time 
infected, causes many distempers.’ 

Villas (Homan). The term villa was 
applied to a cluster of buildings in 
the country for the accommodation 
of the family of a wealthy Roman 
citizen. Very extensive villas were 
divided into three parts, the Ur- 
b:ma, the Ru.-ticn, and the Fruc- 
t uana. The fiist contained the 
eating-room, bed-chambers, baths, 
covered porticoes, walks, and ter- 
races The \illa rustica was the 
division for the servants, stables, 
etc.; and the fiuctuaria for wine, 
oil, and the produce of the farm. 
Although the Roman villas were 
the boa'.t and delight of poets and 
philosophers whose works have for- 
tunately reached us, yet no de- 
scription has been conveyed of their 
external architecture. From the 
magnificent style of public build- 
ings at Rome, moderns were led to 
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suppose that the villa architecture 
bore some analogy in splendour of 
outward appearance ; but from in- 
spection ot their remains, and from 
the late disinterment of one on the 
outside of the walls of Pompeii, 
little doubt now remains on the 
subject. It is true that the exten- 
sive remains of Adrian’s villa, and 
that of Maecenas, covered ground 
equal almost to a small town, but 
no regular plan of architectural 
elevation can be traced with all the 
ingenuity of even a Roman anti- 
quary. The Pompeian is certainly 
the most complete example of an 
ordinary-sized Roman villa : situ- 
ated on a sloping bank, the front 
entrance opened, as it were, into 
the first floor, below which, on the 
garden side, into which the house 
looks (for the door is the only 
aperture on the road side), was a 
giound floor, with extensive ar- 
cades and open rooms, all facing 
the garden ; and above were the 
principal rooms. It was spacious, 
and near the entrance was a bath 
with all the necessary appendages; 
in the rear the best rooms opened 
upon a terrace, miming the whole 
width of the house, and overlook- 
ing a garden about 80 yards square, 
surrounded by a covered walk or 
portico continued under the terrace. 
The lower apartments under the 
arcade were paved with mosaic, 
coved and beautifully painted. One 
of the rooms had large glazed bow 
windows ; the glass was thick, of 
a green colour, and set in lead like 
a modern casement. The walls 
and ceilings of the villa were orna- 
mented with paintings of elegant 
dc-ign, all of which had relation 
to the u*es of the respective apart- 
ments. In the middle of the gar- 
den was a reservoir of water, sur- 
rounded by columns. The cellars 
extended under the whole of the 
houvo and the arcades. 

Pliny tells us that the size of 
the villa urban 3, and its number 
of parts, were determined by the 
pleasure or quality of the master, 
but those parts belonging to agri- 
culture, by the bulk of the farm 
and the number of cattle. The ser- 
vants that in most great men’s 
houses were more immediately for 
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the masters use. and may be said to 
have belonged to the villa urban a, 
„ were the atrienses , which included 
f all thosa we call livery servants, and 
those belonging to the bed-cham- 
ber ; and the topieini, which were 
gardeners belongingto the pleasure- 
garden ; with comedians, musicians, 
and the notaries or secretaries. The 
principal person over the other 
parts of the villa was the procura- 
tor, or bail ill'; then the villicus , or 
husbandman, who had under his caie 
the tillage of the land, and the disposal 
of the produce of the earth about the 
villa ; next was the till tea, or house- 
keeper, to whose care everything 
within doors belonged, and who had 
immediately umh r her command the 
women servants that were emnlnved 
in those affairs, but paitieularly 
those belonging to the feeding and 
clothing of the household. The 
master of the cattle may take the 
next place, and under his command 
were all the herdsmen, shepherds 
goatherds, swineherds, and grooms. 
The care of all those fowls that 
were within the bounds of the villa 
was committed to the poulterer. 
In great villas it was thought neces- 
sary to keep within the family use- 
ful mechanics, as smiths, carpenters, 
etc. The cattle within the villa 
were horses and mules, etc. ; and to 
make provision for the several per- 
sons and animal, and also for corn 
and the nece^arv offices of the house, 
was the architect’s care ; and the 
disposition of each part was go- 
verned by rules that may be col- 
lected fiom Cato, Vitru\iu*, Yarro, 
Columella, and In Uadi us. 

Of the Greek villas, no description 
has been transmitted to us ; m villa 
gardening, however, considerable 
progress at that time was made, 
borrowed probably from Asia M in or : 
myrtles and roses adorned them: 
the box and lime tree were planted 
for topary works ; and Theophrastus 
tells us, that flowers and fruits 
were cultivated in the winter; and 
the violet more particularly was in 
profusicT in the market of Athens 
while snow was on the ground. 

Villas (Italian). The description 
of an Italian villa built in the time I 
of Michael Angelo, Raphael, Julio ! 
Romano, Domcnichino, Paul Ve- 


ronese, and Pietro da Cortona, de- 
serves the notice of architects. ‘ The 
palace of Caprarola is situated on 
the summit of Mount Cumino, near 
Yiterbo : below is the village of the 
same name, of which the principal 
street runs in a direct line down the 
descent from the front of the build- 
ing, but with a sufficient space be- 
tween them. A double stair, partly 
diiect, partly curved, with terraced 
landing-places decorated with balus- 
trades, leads to the palace. En- 
trances under the terraces of the stairs 
conduct to the underground parts 
of the building. The form of the 
palace is a pentagon flanked by five 
bastions, surroun ded by a sunk area. 
Hence there is a mixture of civil 
and military architecture that has 
a good effect. The palace is built 
in two orders of architecture; the 
one Ionic, with semicircular-lieaded 
windows ; the upper Corinthian, 
comprehending both the first floor 
and the mezzanine above. Within 
the pentagonal figure is included a 
circle, comprehending the court, the 
porticoes, the offices, and stairs. The 
decorations of the whole and the 
parts are executed with much skill. 
Although the entire edifice is not 
great, vet the parts are on a great 
scale, apparently.’ 

Vine Black. A black procured by 
charring the tendrils of the vine and 
levigating them. 

Vine Wood, a name given to the 
wood of the apricot. (See Apricot 
tree. ) 

Vintratico. (See Canary wood.') 

Violet. A tint produced by the mix- 
ture of blue and red. 

Violet Wood. (Sec King icood.) 

Virgula Bivinatoria, the divining- 
rod. Some miners believe they pos- 
sess the power of discovering metals 
by mean" of a forked t\\ ig of hazel or 
black thorn. 

Virtuoso, a man skilled in antique 
or natural curiosities studious of 
painting, statuary, or an hiteeture. 

Vis absoluta, absolute force. 

Viscount, in law, signifies as much 
as sheriff: in heraldry, it signifies a 
degree of nobility next to an earl. 

Vise, a spiial staircase, the steps of 
which wind rourd a perpendicular 
shaft or pillar, called the newel. 

Vis inertiee, the nature of matter 
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to remain in its actual condition, 
whether of motion or rest, and to 
resist change. 

Vis insita, the power or innate force 
essentially residing in any body, and 
by which it endeavours to preserve 
its present state, whatever that 
be. 

Vis viva (work). The vis viva of a 
body is its mass multiplied by the 
square of its velocity : work, or 
dynamical effect, supposes a body 
moved, and a resistance overcome ; 
and either of these, without the 
other, is insufficient to constitute 
work. The work produced by a 
pressure moving a body through a 
certain space is defined to be the 
product arising from multiplying 
the pressure by the space through 
which this pressure acts. 

Vitreous, glassy ; consisting of or 
resembling- glass. 

Vitrification, the act of changing 
into glass. 

Vitriol, oil of, sulphuric acid. 

Vitro-di-Trino. ‘An ornamental 
glass work, invented by the "Vene- 
tians in the fifteenth century, con- 
sisting of a sort of lace-work of white 
enamel or transparent glass, forming 
a series of diamond-shaped sections ; 
in the centre of each an air-bubble 
was allowed to remain as a decora- 
tion.’ — Fair holt. 

Vitruvian Scroll, a peculiar pattern, 
consisting of convolved undulations, 
used in classical architecture. 

Viz., to wit, that is ; a contraction of 
videlicet. 

Voider, in heraldry , a gentlewoman’s 
armory, consisting of an arch line, 
moderately bowing from the corner 
of the chief toward the nombril or 
centre of an escutcheon. 

Voiding, a term in heraldry, signify- 
ing exemption of some part of the 
inward substance of things voidable, 
by reason whereof the field is trans- 
parent through the charge. 

Volant, in heraldry. When a bird is 
drawn flying, or having the wings 
spread out, it is said to be volant. 

Volute. The characteristic orna- 
ments and indicial marks of the 
Ionic capital formed by circumvolv- 
ing spiral mouldings are termed vo- 
lutes. The small circle in which 
the spiral or springs terminate is 
called the eye of the volute. The 
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introduction of volutes is said by 
Vitruvius to have arisen from an 
imitation of the mode in which 
women were formerly accustomed 
to ornament their hair; but they 
are thought, with greater proba- 
bility, to have represented the horns 
of the Ammonian Jupiter. 

Voussoirs, in architecture , vault- 
stones, or those that immediately 
form the arch of a bridge, vault, 
etc., and are always cut more or 
less in the shape of a truncated 
pyramid. 

Vugh., in mining , a cavity, a hollow 
in the rock or in the lode. 

Vulcanite, vulcanised india-rubber, 
is a combination of this substance 
with sulphur. 

Vulpinite, a siliceous variety of an- 
hydrite, containing 8 per cent, of 
silica. The vulpinite from Vulpino, 
near Bergamo in Italy, takes a fine 
polish, and is used for ornamental 
purposes. It is known to artists as 
the 3Iarmo Bardiglio di Bergamo, 
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Wacke, a massive mineral, interme- 
diate between claysalt and basalt. 

It is of a greenish gray colour ; 
vesicular in structure ; dull, opaque, 
streak shining ; soft, easily frangible; 0 
specific gravity 2 -55 to 2-9 ; it fuses 
like basalt. 

Wadd, a provincial name for plum- 
bago in Cumberland. Also of an 
ore of manganese in Derbyshire, 
which consists of the peroxide of 
that metal, associated with neaily 
its own weight of oxide of iron. 

Waggons, or Wagons, vehicles for 
the conveyance of merchandise, etc., 
varying in form according to their 
use, and dating in their origin from 
the remotest antiquity : ‘Joseph 
gave them waggons, according to the 
commandment of Pharaoh, and gave 
them provision for the way.’ 

Waggon-boiler, a low-pressure boil- 
er, having the form of a waggon, 
with arched top and incurvated 
sides. 
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Wainscot, a name given to boards 
employed to line the internal walls 
of an apartment, so called from 
foreign species of oak named wain- 
scot being first used for such a pur- 
pose. Wainscoting, as it is called, 
both of Flemish and English oak, 
was commonly used for interior 
linings in Tudor, Elizabethan, and 
Stuart times. 

Waist, in a ship, the uppermost part 
of the top-side. 

Wake, m navigation , denotes the 
print or track of a ship on the sur- 
face of the waters. Two distinct 
objects seen at sea are said to be in 
the wake of each other when the 
view of the furthest is interrupted 
by the nearest. 

Wales, in ship-building, are an as- 
semblage of strong planks extend- 
ing along a ship’s side, rawing to 
reinforce the decks, and form the 
curves of the vessel. 

Wall -plate, a piece of timber placed 
along the top of a wall, to receive 
the ends of the roof timbers, or so 
placed on a wall as to receive the 
joists of a floor. 

Walls of a lode, in mining , the sides 
of the rock which enclose the 
mineral vein. The hanging wall of a 
lode is the rock on the upper side 
of it. 

Walnut wood. The royal or com- 
mon walnut is a native of Persia 
and the north of China: it was 
formerly much used in England 
before the introduction of ma- 
hogany. The heart wood is of a 
greyish brown, with black-brown 
pons, and often much veined with 
darker shades of the same colour. 
Some of the handsome vomers are 
now used for lumiture, frames of 
machines, gun-stocks, etc. 

Walnut oil, the oil of the fruit of the 
walnut-tree; it is used as a vehicle 
in painting, or as a drying oil with 
the addition of sulphate of zinc. 

Wardrobe, a place where the gar- 
ments of kings or great persons 
used to be kept ; and lie that keeps 
the inventory of all things belong- 
ing to the king's wardrobe is called 
Clerk of the King’s Wardrobe. 

Wards and Liveries, a certain 
court erected in the time of Henry 
Till. 

War ge are, in mining, a general name 


for tools, timber, ropes and every- 
thing belonging to a mine. 

Warp, in navigation , to change the 
situation of a ship in harbour, 
etc., by means of ropes or warps 
attached to buoy*, posts, rings, trees, 
etc. 

Washing, in painting , to lay a co- 
lour, such as Indian ink or bistre, 
over a pencil or crayon drawing, to 
render it more natural, and add to 
the shadow of prominences, aper- 
tures, etc. A term applied to the 

separation of powders into different 
degrees of fineness by means of 
washing over. In metallurgy, wash- 
ing is used for separatijg metallic 
particles from the earthy matters in • 
which they occur. 

Wassail, a teim which is said to have 
had its origin at the meeting of Vor- 
tigern and Rowena, the daughter 
of Ilengist. Geoffrey of Monmouth 
states, that the lady knelt before 
the king, and presenting liim with 
a cup of wine said, ‘ Waes-h®l,’ 
which in Saxon means ‘ Health be 
to you.’ Vortigem, as he was in- 
structed, replied, ‘ Drinc-hael,’ i.e. 
‘drink the health : ’ Rowena drank, 
upon which Yortigern took the cup 
and pledged her. Hence the term 
and custom. 

Waste, in mining, the refuse of the 
ore after it has been separated by 
washing. 

W aste steam-pipe, in steam-engines , 
the pipe leading from the safety- 
valve to the atmosphere. 

Waste water-pipe, in steam-engines , 
the pipe for carrying off the surplus 
water from the hot well. 

Water is the most abundant and 
important fluid in nature; it is 
proved to be composed, by weight, 
of 8 parts of oxygen and 1 part 
of hydrogen, and is resolvable into 
both these ga^es by voltaic action, 
and by intensely ignited platinum: 
other heated metals combine with 
its oxygen, and liberate the other 
gas. When hydrogen and oxygen 
are mixed in the proportion given, 
and ignited, they unite with explo- 
sion, and water alone is produced. 
The purest water in nature is that 
which descends from the atmo- 
sphere ; that of springs, rivers, and 
the sea being more or less charged 
w r itb the mineral matter which is 
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dissolved in passing through tlie 
rocks or flowing over the earth. 
The foreign substances are easily 
separable by distillation — pure water 
passing over in the form of a vapour 
or steam. In nature, the solar heat 
produces this effect on a vast scale, 
evaporating enormous quantifies of 
water into the atmosphere, whence, 
by cooling to various degrees, it 
falls again in the form of dew, rain, 
liail, or snow: thh, in its passage 
through different strata towards its 
lowest level, dissolves any soluble 
matters which it may encounter, 
conveying them ultimately into the 
ocean. This process, operating for 
ages, is fully sufficient to account 
for the prevalence of «o soluble a 
mineral as common salt in sea-water, 
and the comparative purity of that 
of rivers. 

When water runs through beds 
of chalk or selenite, it acquit es hard- 
ness by the solution of the lime. If 
the specific gravity of water is con- 
sidered at 1,000 ounces the cubic 
foot, common air will be 1-;-, line cold 
will be and pure platina rs»r,» ; 

or if a datum is taken of 1 for water, 
gold will be 20, and refined platinum 
22. Water is very slightly compres- 
sible, as experiment proves. Water 
will ascend to the height of 32 feet 
above its level in a vacuum, as in 
pumps, by the pressure of the atmo- 
sphere, which varies more or less 
according to its density. The pres- 
sure of water on the base of the 
vessel in which it is contained is as 
the base and perpendicular altitude, 
whatever be the figure of the vessel 
that contains it. A body immersed 
in water loses as much weight as an 
equal bulk of the water weighs and 
the water gains the same weight. 
Thus if the body be of equal density 
with the water, it loses all its weight, 
and so requires no force but the 
water to sustain it : if it be heavier, 
its weight in the water will be only 
the difference between its own 
weight and the weight of the same 
bulk of water, and it requires a force 
to sustain it just equal to that differ- 
ence ; but if it be lighter, it requires 
a force equal to the same difference 
of weight to keep it from rising up 
in the fluid. 

Water absorbs atmospheric air 
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very rapidly, and always, under# 
ordinary circumstances, holds it hi 
solution. The air also absorbs and % 
retains water, the quantity varying % 
with the temperature. 

Dav- s p rings, either lying near the 
surface of the earth, or finding fresh 
passages thither, break forth into 
open air on their own account ; 
while those of a deeper nature are 
sunk down so low as to require 
hydraulic mncl inerv to bring them 
up again. Next, they are called 
top-springs, inasmuch as they ap- t 
pear either above the lock which 
severs the soil from the mine, or | 
underneath it. Top-Springs differ | 
from deep or other springs in that 
they stagnate between the superfices 
of the earth and the surface of the 
parts confining them, till they are 
opened by the miner; and those 
springs that can be let off by drifts, 
headings soughs, and trenches, are 
distinguished from those from a great 
depth, the draining of which b} r such 
means is altogether impracticable or 
absolutely impossible. In the search 
after the original source of those cur- 
rents of water which issue out of the 
earth, and are commonly called day- 
springs the first consideration 
that arises h, that their natural 
course, dependent upon gravity, 
is caused by the propension 
of their own weight, still drawing 
them downward, towards the centre 
of the earth : their course must 
always be upon a constant descent 
from a higher situ it ion to a lower, 
and so it mu-t proceed originally from 
rain. If it happen, that at the 
emersion out of the earth, the spring 
rises upward*, thi-> is caused by the 
curved nature of the passage or fissure, 
which (siphon-like) points the way ; 
while the preponderance of the water 
contained in its other arm, descending 
from a gi cater height, forces it to 
line contrary to its natural inclina- 
tion. 

Water has a state of maximum 
density at or near 40°, which in con- 
sidered an exception to tlie general 
law of expansion by heat : it is 
extremely improbable that there is 
anything more than an apparent 
exception, most likely arising from 
water at low temperatures absorbing 
a considerable quantity of air. w Inch 
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lias the effect of expanding it, and 
consequently of causing the apparent 
anomaly. 

Water, river . Specific gravity, 
1*000; weight of a cubic foot 
02*5 lbs.; weight of a cubic inch, 
252*525 grains ; weight of a 'prfim 
1 foot long and 1 inch square, 
0*434 lb.; weight of an ale gallon of 
water, 10*2 lbs.; expands in bulk by 
1° of heat, ysY? (Dalton) ; expands 
in freezing, tV of its bulk (Williams); 
and the expanding force of freezing 
water is about 35,000 lbs. upon a 
square inch, according to Musehen- 
broek’s valuation ; modulus of elas- 
ticity for a base of an inch square, 
0*26,000 lbs.; height of modulus of 
elasticity, 750,000 feet, or 22,100 
atmospheres of 30 inches of mer- 
cury. 

Water, sea. Specific gravity, 
1*0271 ; weight of a cubic foot, 
C4*2 lbs. 

Water is 828 times the density of 
air of the temperature Gl>°, and 
barometer 30. 

Water-colour painting is the art 
of making a picture with colours 
ground up with various kinds of 
aqueous gums or sizes, then called 
transparent colours. These draw- 
ings are executed on various kinds 
of paper, and are generally termed 
tinted drawings. The following are 
the most permanent colours, and 
therefore most valuable to the ■water- 
colour painter: blues — ultramarine, 
French ultramarine, cobalt, indigo, 
and smalt : reds — Indian red, light 
red, Venetian red, scarlet, vermilion, 
carmine, pink madder, rose madder, 
purple lake, and red orpiment : 
yellows — cadmium yellow, gamboge, 
yellow ochre, Indian yellow, Mars 
yellow, lemon yellow, Roman ochre, 
brown ochre, Mars orange, raw 
sienna, Italian pink, gallstone, and 
king’s yellow : purples — purple 
madder, Indian purple, and burnt 
carmine : browns — burnt sienna, 

brown pink, burnt umber, Vandyke 
brown, sepia, Mars brown, Cologne 
earth, bistre, and madder brown: 
yreens — emerald green, olive green, 
and green oxide of chromium : blacks 
— ivory black, blue black, neutral 
tint, and British ink: whites — oxide 
of zinc or Chinese white, and sul- 
phate of barytes or constant white. 
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Water - limes. Hydraulic lime, 
which see. 

Water-crane, an apparatus for sup- 
plying water from an elevated tank 
to the tender of a locomotive engine 

Watered. Ornamental irregularly 
waved lines produced on textile 
fabrics, or on paper and like sub- 
stances. 

Water-mark, the mark which paper 
manufacturers use to distinguish one 
make from another ; it is generally 
a letter or some ornament, as for in- 
stance, a fool's cap and bells is the 
water-mark of foolscap paper , and a 
pot , of the old pot paper . 

Water of Ayr Stone, a polishing 
stone used for marble and copper 
plates. Whetstones are made of the 
harder varieties. 

Water-sail, in navigation , a small 
sail spread occasionally under the 
lower studding-sail or driving-boom, 
during a fair wind and smooth sea. 

Water-scape, a sea view (rarely 
used). 

Water-spout, a strongly agitated 
mass of air, which moves over the 
surface of the earth, and revolves on 
an axis; of which one extremity is 
on the earth and the other in a cloud. 
From this cloud a continuation pro- 
ceeds downwards, which forms the 
upper portion of the water-spout ; 
while the lower portion, besides air, 
consists sometimes of water, some- 
times of solid portions, according 
as the water-spout passes over land 
or over water. Some have separated 
water-spouts over the land and over 
the water from each other ; but this 
creates confusion, for water- spouts 
have been observed which were 
formed over water, and advance over 
land ; and we have accounts of water- 
spouts, the formation of which — that 
is the rotatory movement of the air 
— has commenced over land, and 
afterwards progressed over the sur- 
face of water. 

Water supply for towns. A plenti- 
ful supply of water fitted for drink- 
ing, culinary, and detergent pur- 
poses, is so cs c cntially an article of 
every-day u 5 e, that in all ages, wher- 
ever a quantity of human beings 
have been congregated together, 
contrivances have necessarily been 
resorted to, to procure a supply : 
in some sitration» wells aie sunk to 
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a considerable depth, from which 
water is lifted by means of buckets, 
pumps, or like contrivances ; in 
others, the rain-water falling on the 
roofs of houses is caught and hus- 
banded in suitable receptacles, or, 
—as was much practised in ancient 
times, where large populations ex- 
isted, — rivers are diverted for their 
use from their natural channels, and 
conducted over valleys and through 
mountains in artificial courses hav- 
ing a small but continuous decline. 

In ancient times, water was 
brought to a town from rivers or 
springs more elevated than the town 
itself and was distributed through 
fountains to the inhabitants, who 
fetched it in vessels to their houses. 

In modern times water is stored 
in large reservoirs, to yield a supply 
to our towns; or water from a 
neighbouring river, or from deep 
wells sunk in a subterranean reservoir, 
or water-bearing stratum situated 
below the level of a town, is fre- 
quently lifted by means of pumps, 
worked by steam or water power, 
through a line of cast-iron pipes into 
a reservoir of sufficient altitude to 
admit of its being conducted from 
thence through other pipes to the 
highest house in a town ; and it is 
no uncommon thing at the present 
time to lift water from 200 to 300 
feet in elevation for this purpose. 

But the greatest improvement 
lately made for supplying towns 
with water consists in the arrange- 
ment for conveying it, when raised 
to a suitable altitude, in cast-iron or 
lead pipes, into the house of every 
inhabitant, even to the upper story, 
so that this necessary article can 
always be secured by the turning of 
acock: it also is distributed in the 
same manner for watering roads, and 
for use in ease of fire ; and it is prin- 
cipally in the excellent’system of dis- 
tiibution, which perfection in the art 
of making the pipes has induced, 
that renders modern water-works 
superior to those of ancient times. 

It is of the utmost importance to 
every house to be supplied plenti- 
fully with wholesome soft-water, and 
thpre are now few places in which 
this cannot be accomplished at a 
cheap rate. 

The modem cost of supplying 
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water to a large town may now : w- 
taken at a low estimate per head fir 
the population supplied, according^ 
to the facilities or difficulties that* 
exist for procuring and distributing 
the supply: as -a general rule, river - i 
water, when unpolluted with the 
drainage of a town, or the rain- • 
water flowing down the sides of^'- 
steep hills of a retentive character, 
when properly filtered, is superior in*" 
quality, and better adapted for most:, 
domestic uses than the brightest . 
spring water, owing to its freedom " 
from saline matter, which is usually 
denominated soltness. 

All rain and surface water should, 
however, be carefully filtered be- 
fore it is applied for domestic uses, 
not only to free it from earthy me- 
chanical impurities, but to rid it of 
organic matter, which in summer- 
time and warm weather is always 
mixed with such water in a greater 
or less degree, and the presence of 
which renders it unwholesome for 
drinking or culinary u»es. It is 
piincipally owing to its freedom 
from organic matter that spring- 
water, though usually hard, is pre- 
ferred to river-water as a beverage. 

London is supplied with w r atcr 
chiefly by eight companies, the New „ 
River, East London, West Middle- 
sex, Chelsea, Grand Junction, 
Lambeth, Vauxliall, and Southwark. 

Water-twyers (in metallurgy) y 
twyers so constructed thatcold water 
is cau-icd to flow, in a continuous 
stream, around the blast of air. An 
iron pipe is twisted into a conical 
lielix, the water flows through the 
pipe, while the hot air is driven 
through the cylinder it forms. These 
twyers were invented by Mr. Condie. 
(See Tue-iron.) 

"Water-ways, in ship-building , the 
planks of the deck which are close 
to the timbers. 

Water-wheel, a wheel turned on its 
axis by the weight of water falling 
upon its circumference, and thus 
adapted as a machine for deriving 
power wherever a fall of water can 
be commanded. For this purpose 
the wheel is erected in a vertical 
position upon a horizontal shaft or 
axis, and the periphery of the wheel 
is so formed that the greatest possi- 
ble effect shall be received from tLe 
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weight or gravity of the falling I 
water. To obtain this effect, the ! 

7 rim of the wheel is provided with 
small troughs or buckets in which 
the water is received, and its weight 
made active in carrying down that 
part of the periphery on which the 
loaded buckets are situated. As 
they approach the lowest position, 
they become emptied, and are thus 
prepared to be carried upward during 
- the revolution of the wheel, while 
the descending buckets are succes- 
sively receiving their supply from 
the fall of water. Water wheels are 
commonly distinguished according 
% to the height of the fall in compari- 
son with the diameter of the wheel, 
and the position at which the water 
w acts upon the buckets. Thus if the 
depth of fall equals the diameter of 
the wheel, (besides allowing a little 
declivity below the wheel, for the 
ready escape of the back-water,) so 
that the water falls on the highest 
point of its periphery, the wheel is 
said to be an ‘overshot’ water- 
wheel. If the depth of fall is less, 
so that the water falls upon the 
wheel, only a little above the level 
of its centre, the wheel is called a 
* breast ’ wheel. And if the depth 
of fall is so little that the water acts 
by impulse only against the lower 
parts of the wheel, it is called an 
‘ undershot’ water-wheel. Water- 
wheels are now made in the most 
improved manner of iron, the arms 
being of wrought-iron, the centres 
of cast iron, and the buckets of plate 
iron. A water-wheel thus construct- 
ed consists of a centre boss, and 
shaft, arms, buckets, and shrouding, 
the latter being the term applied to 
the rims of the wheel, between which 
the buckets are enclosed. In order 
to derive the greatest working effect 
from a given fall of water, the prin- 
cipal object is to shape the buckets 
so that they shall retain the water 
during the longest possible period. 
One great difficulty experienced in 
seeking this object has been the 
opposition exerte i by the air to the 
admission of the wmter into the 
- buckets; and, to counteract this 
evil, several methods have been 
devised. The only efficient remedy 
vet introduced is that invented bv 
Mr. Fairbairn, and which he de- 
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nominates the ‘Ventilating Water- 
wheel,’ the general object of which 
is to prevent the condensation of 
the air, and to permit its escape 
during the filling of the bucket 
with water, as also its re-admission 
during the discharge of the water 
into "the lower mill-race. Several 
wheels erected and fitted upon this 
principle have proved entirely suc- 
ce>sful in icaliaing a maximum use- 
ful effect from a given fall of water. 
All these wheels are formed with 
wrought-iron arms radiating from 
cast-iron centres to the periphery, 
and so disposed that the entire 
structure is in a state of tension, 
and the motion of the wheel 
being communicated from internal 
toothed wheels fixed to the shroud- 
ing. As applied to common breast- 
wheels adapted for falls not ex- 
ceeding 18 or 20 feet, these venti- 
lating buckets effect so great an 
improvement, that if the wheel is 
plunged in back-water to the depth 
of 5 or G feet, its uniform speed is 
not impeded. In these wheels) the 
sole ot the buckets is close, and the 
tail end of them being turned up 
at a distance of 2 inches from the 
back of the sole-plate, and running 
parallel with it, terminate within 
about 2 inches of the bond of the 
bucket, immediately above it. The 
water in entering the bucket drives 
the air out through the aperture 
into the space behind, and thence 
into the bucket above, and so on 
in succession. The converse oc- 
curs w'lien the buckets are emptied, 
as the air is enabled to enter as 
fast as the wheel arrives at such a 
position as to permit the water to 
escape. (For a more copious de- 
scription, see JVater-icheels with 
ventilating buckets , by Fairbairn.) 

There are many cases in which 
it is of importance to know the 
proportion of power necessary to 
give different degrees of velocity 
to a mill ; but as the construction 
of mills and the purposes they 
serve are various, it is perhaps im- 
possible to find any law' of univer- 
sal application. Mr. Banks, in 
liis ‘Treatise on Mills,’ has drawn 
a conclusion which he appears to 
consider invariable, namely, that 
‘ when a wheel acts by gravity, its 
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velocity will be as tlie cube root 
of the quantity of water it re- 
ceives.’ 

But supposing a wheel to raise 
water by means of cranks and 
pumps on Mr. Banks’s principle, 
Buchanan thought it might easily 
be demonstrated, that by reducing 
the velocity of the wheel to a cer- 
tain degree, the wheel would raise 
more water than would be neces- 
sary to move it at that velocity, — 
a thing evidently impossible. 

In this view it would seem that 
there is no actual case in which 
Mr. Banks’s conclusions will hold 
true. But, however they may ap- 
ply to other mills, the experiments 
of Buchanan seem to prove at 
least that they do not apply to 
cotton-mills. On the ground of 
some experiments made at differ- 
ent times, and with all the atten- 
tion possible, did he presume to 
call in question an authority for 
which the highest respect is enter- 
tained. 

In January, 179G, he measured 
the quantity of water the Rothesay 
old cotton-mill required ; first, w'hen 
going at its common velocity, and 
secondly, when going at half that 
velocity. The result was, that the 
last required just half tlie quantity 
of water which the first did. It 
is to be observed, that in these 
experiments the quantities of water 
were calculated from the heads 
of water and apertures of the 
sluices. 

From these experiments he in- 
ferred, ‘that the quantity of water 
necessary to be employed in giving 
different* degrees of velocity to a 
cotton-mill must be nearly as that 
velocity.’ 

He was satisfied with this expe- 
riment, and the inference drawn 
from it, till some gentlemen well 
acquainted with the theory and 
practice of mechanics expressed 
their doubts on the subject. He 
had then recour.-e to another ex- 
periment, which he considered less 
liable to ciror than the former. 

The water which drives the old 
cotton- mill falls a little below it 
into a perpendicular-sided pond, 
vliich serves as a dam for a corn- 
mill at some distance below it. 
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To ascertain, therefore, the propor- 
tional quantities of water used by 
the old mill, nothing more was 
necessary than to measure the time 
the water took to rise to a certain 
height in that pond; and accord- 
ingly, on the 1st of May, 1798, he 
made the experiments noted in the 
following Table : — 

Number of experi- 
ments 12 3 4 

Revolutions of one of 
the upright shafts 
per minute ... 4G 4G 24 23 

Rise of water in. the 
pond in inches . . 5 5 o o 

Time in minutes and 
seconds .... 6*5S 6*57 14*45 15*0 

The first and second experiments 
were made with the mill at its com- 
mon velocity: the third and fourth 
at nearly half that velocity. 

The time which the mill required 
to use the same quantity of water 
in these experiments maybe taken, 
in round numbers, as follows: — the 
proper velocity at 7 minutes, and 
half that velocity at 15 minutes. 

The result of these experiments 
approaches very nearly to that of 
179G. The difference may be ac- 
counted for by the small degree of 
leakage which must have taken 
place at the sluices on the lower end 
of the pond; and the time being 
greater in the third and fourth ex- 
periments, the leakage would of 
course be greater. 

Smcaton and others have proved 
in a very satisfactory manner, that 
‘ the mechanical power that mutt 
of necessity be employed in giving 
different degrees of velocity to the 
same body, must be as the square of 
that velocity.’ But it appeared to 
Buchanan that the result of the 
above experiments may be easily 
reconciled to this proposition, by 
considering what Smeaton says im- 
mediately afterwards If the con- 
verse of this proposition did not 
hold true, viz. that if a body in 
motion, in being stopped, would not 
produce a mechanical effect equal or 
proportional to the square of its 
velocity, or to the mechanical power 
employed in producing it, the effect 
would not cor re-pond with its pro- 
ducing cause.’ It is to be observed, 
that Smeaton’s experiments were 
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made on the velocity of heavy 
bodies, free from friction and other 
causes of resistance ; bat in mills 
there is not only friction, but ob- 
stacles, to be removed : and experi- 
ments made on friction have proved 
that the friction of many kinds of 
bodies increases in direct proportion 
to their velocity. But the velocity 
of a cotton-mill at work may be 
considered as a mechanical effect; 
and, if so, must correspond with its 
producing cause. 

The preceding experiments on 
the Rothesay mill are undoubtedly 
correct and consistent with the 
principles of motion and power, 
and also with the experiments of 
Smeaton on mills and mechanical 
power. 

The mechanical power is as the 
quantity of water on the wheel, 
multiplied into its velocity when the 
wheel, fall, and other circumstances 
remain the same; and since the 
mechanical effect is measured by the 
resistance multiplied into the velo- 
city of the working point when the 
friction is constant, if the quantity 
of water be diminished by its half, 
either half the resistance, or half the 
velocity with which it is overcome, 
must be taken away, otherwise there 
will not be an equilibrium between 
the power and effect. But at the 
same time it is to be observed, that 
an increased velocity lessens the fric- 
tion of the intermediate machinery, 
and consequently a greater effect 
would be produced by the greater 
velocity, as appears to be the case 
by the experiments. There is not, 
however, in the detail of these ex- 
periments, sufficient data by which 
it becomes easy to arrive at any 
useful conclusion. 

Roberton, an engineer of some 
eminence, made observations on 
these experiments, alleging that the 
conclusions of Banks give most 
satisfactory evidence that particular 
care and judgment are necessary in 
making such trials. It appeared to | 
Roberton, that the wrong conclu- i 
sions which have been drawn by 
many writers on this subject, have j 
wholly arisen from misapprehending ! 
some of Sir Isaac Newton’s funda- 
mental principles of mechanics, and 
from a love of establishing theoreti- 


cal expressions rather than strict 
observations of the invariable laws 
of nature, expressions such as these, 
viz. quantity of motion , instantaneous 
impulse. 

Taking a constant portion of time 
(viz. a second) to be the measure of 
a body, and an instant to be the 
measure of the effect it produces ; or 
by taking time as the measure of 
the cause, and space as the measure 
of the effect, — as to an instantaneous 
effect, Roberton argues that it is an 
absurdity in itself, as well as in me- 
chanics,— we can form no idea of a 
body put into motion without the 
acting power or body act upon the 
body put into motion for some time, 
and also over some spuce; and to 
suppose otherwise, leads us entirely 
out of the sound principles of me- 
chanics. 

In mechanics every effect is equal 
to its producing cause. In the case 
of a power acting on a body pro- 
ducing motion, and also this body 
acting against another power which 
retards its motions, if the causes of 
action and resistance are each mea- 
sured by the time the motions are 
produced and retarded, the result 
will be equal. 

If they be measured by the space 
over which they act, the results will 
be equal; and this is a universal 
principle, whether applied to acceler- 
ating power and motion, as gravity, 
etc., or to machines, which act con- 
stantly and uniformly. Yet, in the 
case of uniform motion, space or 
time may be used at pleasure ; as 
from the uniformity of space and 
time they become a common mea- 
sure. 

To illustrate this, suppose the 
body a acted upon by the power of 
gravity through the space a b, in a 
portion of time which we will call 
one. When it arrives at b, it meets 
with another medium of resistance, 
which is ten times greater than the 
former ; the body a will be resisted 
in proportion to the cause of action 
and resistance; that is to say, if the 
time of action were one second, the 
time of resistance will be one-tenth 
of a second, and the distance a b 
will be to the distance b c as ten to 
one ; so that whether space or time 
be taken as the measure of action, 
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the same must be taken for the xnea- 
suie of the effect to have the results 
pioportionate and equal. But if the 
cause be measured by time, and 
the effect by space , the re- 
O suits will be as the squares 
a of the time, or, which is 
the same tiling, as the 
squares of the velocity. 

Thus, suppose a body in 
motion, with a \iloeity of 
one, has a power to pene- 
trate into a bank of earth 
1 foot : it the same body, 
with a velocity of tw r o, 
strike the bank, it will 
penetrate to the depth of 4 
feet ; for the velocity is 
double, and the time of 
action is double, and there- 
fore the results will be 
compounded of both, that 

n is, as the square of the 

velocity. 

From the above it may 

c be inferred that if equal 

bodies be acted upon by 
unequal powers, the time requisite 
to produce an equal motion will be 
retipiocally proportionate to the 
powers ; that is to say, if a power of 
ten act upon a body for one second 
of time, and the power of one act 
upon an equal body for ten seconds, 
they will pioduce equal velocities. 
But the spaces through which the 
bodies are carried are very unequal, 
being as ten to one; and ii the square 
roots of tlie powers producing the 
effects be taken, that will give the 
times they take in earning the 
body acted upon through equal 
spaces. 

But it is obvious this doctrine 
has no more to do with the opera- 
tion of machines than to supply 
their first starting from rest to the 
motion necessary for working. When 
this is acquired, the power applied 
and the pow'er of resistance balance 
each other, and whatever be the 
n ution the machine moves at, the 
same power will cany it on, (if it 
le upheld,) provided the machine 
act in such a manner as not to ac- 
cumulate resistance by the accu- 
mulation of motion, which is the 
case in foicing fluids through pipes, 
etc. In cases of this kind the nature 
of the machine must be particularly 


kept in view, and no law whatever 
adopted to explain the resistance the 
acting body meets with, but w'hat is 
simply deduced from the very ma- 
chine which is under consideration ; 
but, in most cases, any machine 
may be considered as acting purely 
on a statical principle. The raising 
of weights, or overcoming friction, 
lloberton considers purely as acting 
on that principle; and when the 
power of action is equal to the re- 
sisting power, the machine is indif- 
ferent to motion or rest. If the 
machine be at rest, the power will 1 
not move it, being a balance to the 
resistance. If the machine be set in 
motion, the power will keep it in 
tlie same motion, (provided the 
power be upheld,) the same as equal 
weights hung over a pulley, or in 
the opposite scales of a beam. If 
they be at rest, they will remain so ; 
and if they be put in motion, they 
will endeavour to persevere in the 
same. 

The above doctrine of a statical 
principle is proved in the most 
satisfactory manner by the experi- 
ments made at the old mill of 
Rothesay, the motion of the water- 
wheel being exactly proportional to 
the quantity of W’ater expended, 
and therefore an exact and equal 
load upon the wheel ; that is to 
say, the buckets were equally full j 
when the mill moved at its ordi- 
nary motion, or at half that mo-' 
tion. The effect therefore of letting 
more water on a wheel is not to 
lodge a greater quantity in the 
buckets, but to supply the same 
quantity when the wheel is in a 
greater motion. 

Banks, however, made his ex- 
periments agree with his theory, 
yet Roberton took no trouble in 
inquiring into them, alleging it 
would be to little purpose to have 
done so. 

* Suffice it to say,’ he adds, * that 
the very small quantities of water 
which Banks made use of, and the 
slowness of the motion of his wheel 
in his experiments, give no ground 
for placing the smallest dependence 
on them ; and when compared with 
the more judicious and accurate ex- 
periments of Smeaton, they dwindle 
into contempt,* 
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Roberton further says, that perform about twenty times the 

* Smeaton, running his wheel at quantity of work which Smeaton’s 

nearly 3 feet in the second, brought could perform with the same quan- 

it nearly to a maximum, and lost titv of water, and about sixteen 

but about one-fourth or one-fifth times more than nature ; so that 

of the original effect (alluding to the observation (alluding to the 

his overshot wheels). Banks, at his theory of Banks) is very just in 

highest motion, ran his wheel about saying that, by reducing the mo- 

1 foot in the second, and reducing it tion of the wheel, it is demonstrable 

to one-half of that motion, the same it would raise more water than sup- 

quantity of water then expended ply itself.’ 

was capable of performing four times "Water- wheel (Overshot). The 
the work ; and by deduction from best water-wheel is that which is 

thence, it appears plain that his calculated to produce the greatest 

wheel (from his own theory) would effect when it is supplied by a 
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stream which furnishes a given Of the proportion of the radius of 

quantity of water with a given fall. the water-wheel to the height of the 
The mechanical effect depends on fall. — Let a b c d be the wheel, and 

the proportion of the wheel’s di- e a the depth of the buckets ; then, 

ameter to the height of the fall, and according to experiments on water- 

on the velocity of the circumference wheels, it appears that the rotatory 

of the wheel. These are the two form of the water in the bucketsis 

principal parts to be considered in nothing at c and d, and that it in- 

the theory of wheels, but there are creases nearly, if not accurately, in 

also some other points which ought the direct ratio of the distance from 

to be attended to, because the effect e or d, and is greatest at A. That 

is much decreased when they are is, the force at any point a in a di- 

negiected. 535 
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rection e a, or perpendicularly to 
the radius, is as a c. 

A slight consideration of the 
figure is sufficient to demonstrate 
that the wheel will not produce the 
greatest effect when it receives the 
water at the upper point c, and that 
there must be considerable advantage 
in making the wheel of a greater 
diameter, so that it may receive the 
water at the same point between a 
and c, the point which will insure 
the greatest effect thu* calculated. 

Let c = that poition of the cir- 
cumference which is to be loaded 
with water ; and x = the arc com- 
prehended between the point where 
the water flows upon the wheel and 
the horizontal line e a ; also make 
b = the area of the stream supph ing 
the buckets. Then the solid which 
represents the effective force will be 



which is to be the gieatest possi- 
ble ; or 

C® — 2 3.9 

C — X 

= a maximum. J5y the principles 
of maxima and minima tliL takes 
place when 

x = c (1 — Vh) or x — *2929 c. 
Accordingly the arc c — x must be 
the quadrant d g or 90°, and the 
arc x = 37*27°. 

Hence we have this important 
practical maxim. A water-wheel 
will produce the greatest effect when 
the diameter of the wheel is propoi*- 
tioned to the height of the fall, so 
that the water flows upon the wheel 
at a point about 52|° from the sum- 
mit of the wheel. 

If r be the radius of the wheel to 
the extreme part of the bucket, and 
h the effective height of the fall, then 
h = r (1 + sin. 37^), or h = 1*605 r ; 
for the sin. 37^=*605. Also *623 h = r. 
Therefore, when the effective height 
of the fall is determined, the radius 
of the wheel is easily calculated. 
When the effective fall is eight- 
ninths of the whole fall, if we make 
h the whole fall, r=*554 h, or 1*108 
h = the diameter of the wheel. 

The effective height of the fall is 
less than the true height by as much 
as is necessary for giving the water 
536 


the same velocity as the wheel be- 
fore it flow s upon it. 

In low falls a wheel would work 
with advantage in a considerable 
depth of tail-water, provided the 
buckets were of a suitable form for 
moving through the water, and the 
effective fall made through a very 
accurate sweep, so that the sweep, 
and not the form of the bucket, 
should coniine the water upon the 
wheel. 

Of the velocity of the circum- 
ference of the wheel to produce a 
maximum effect. — It is necessary 
to premise that the velocity with 
which the water flows upon the 
floating boards or buckets is con- 
sidered to be equal to the velocity 
of the wheel, and to strike against 
the floats as nearly as possible in 
the direction of the motion of the 
wheel. 

Let x be that part of the fall 
which gives the necessary velocity 
v to the water, when the effect is 
a maximum ; v will then be the 
velocity of the circumference of the 
wheel. Also, make a = that part of 
the fall which would correspond to 
the velocity of the circumference of 
the wheel when the power would be 
equal to the friction of the loaded 
machine only ; or when the useful 
effect would ‘be nothing. Now if h 
be the whole fall, the effective force 
of the water on the wheel will 
always be proportional to h — x, 
when the effect is a maximum ; and 
to li — a , when the useful effect, or 
w r ork done, is nothing. 

Hence v (/* — x — li — a) must 
be a maximum ; or v (a — x) — a 

max. ; but v = x ^i therefore 

(a— a:) = a max., which, according 
to the rules of maxima and minima, 
takes place when x=s3x. 

It is evident that the value of a 
must entiiely depend on the nature 
of the machine : for if there be 
many moving parts between the 
power and the resistance, the fric- 
tion will be greater, and consequent- 
ly a will he less. The machine 
must be very simple indeed, if the 
friction be less than one-half the 
moving power, and it will often 
amount to two-thirds of it. If we 
suppose it to be two-thirds, then 
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and consequently 



and 

v = x miji=2G7Vli. 

y 

Hence, when the friction amounts 
to two-thirds of the moving power, 
the velocity of the circumference 
of an overshot wheel in feet per 
second, should be 2*67 times the 
square root of the whole height of 
the fall, in feet. 

Again, that part of the fall is to 
he determined, which will give the 
w'ater the same velocity as the 
wheel ; and since 


we have 


Hence, when the friction is two- ■, 
thirds of the power, that part of the | 
fall which will give the water the ; 
proper velocity is one-ninth of the | 
whole height. 

These results may, then, be use- j 
fully compared with the experi- 
ments of Smeaton ; at the same ; 
time it is obvious that his experi- 
ments were not adapted for arriving 
at general conclusions, because the 
water was always delivered upon the 
same wheel : for it is clear, from the 
preceding investigation, that every 
particular wheel must have its par- 
ticular maximum. 

In Smeaton’s experiments on over- 
shot wheels, the wheel was 2 feet in 
diameter ; therefore the height of 
the fall should be 2^ feet. Xow the 
square root of 2£ is 1*5 ; and 1*5 x 
2*67 = 4*005, that is, the velocity 
of the wheel should be 4 feet per 
second; or it should make 38 turns 
per minute. Smeaton infers that 
•the best velocity for practice’ will 
be when a wheel of 2 feet diameter 
makes 30 revolutions per minute. 
(Miscellaneous Papers, p. 51.) But 
his model had much more friction in 
proportion to the effective force of 
water on the wheel than two- thirds, 
here calculated upon. When, how- 
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ever, the calculation is made accord- 
ing to the friction cf Smeaton’s 
model, 

» = 2 -WF; 

and the velocity of the model wheel 
would come out 3*6 feet per second, 
or 34 turns per minute. This ve- 
locity will perhaps apply correctly 
enough to overshot wheels, where 
the water ilows on at the summit, 
and to rough-made machinery ; but 
the former calculation is that which 
appears to be most correct for the 
improved kind of wheels here pointed 
out. It is to be understood, that the 
friction allowed for includes all the 
kinds of resistance and loss of force 
which lessen the usual effect, as well 
as the resistance of the rubbing sur- 
faces, properly called friction. Many 
persons may think that two-thirds 
of the effective force is greatly too 
much to be lost ; it will be well if it 
draw their attention to lessening the 
stress on every part of the machinery, 
and to the importance of having few 
nibbing surfaces, and other causes of 
resistance. 

On computing the power of over- 
shot icater-xvheels . — In determining 
the proportion of the radius of the 
wheel to the height of the fall, an 
equation is given for the effective 
force. Resuming that equation, we 
have 



= the effective force of the water, 
and 



— its mechanical power. But the 
quantity of water expended in main- 
taining this power will be 'bv. 
Hence, the quantity of water ex- 
pended is, to its mechanical power, 
as 



When the wheel is supplied at the 
summit, x = h c; and therefore the 
quantity of water expended is to its 
mechanical power as 1 : he. Or the 
power is equal to half the weight of 
water supplied to the wheel. 

The same relation takes place 
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when x = 0; that is, when the 
wheel is supplied at the height of 
the axis. Hence, when the radius 
of a breast-wheel is equal to the ef- 
fective height of the fall, its power 
will be the same as that of an over- 
shot wheel supplied at the summit. 

When the wheel is supplied at the 
point which produces the greatest 
effect, x = *2929 c ; and conse- 
quently the quantity of water ex- 
pended is to its mechanical power as 
1 : 0-5857 c : this effect is greater 
than when the wheel is supplied at 
the summit in the ratio of 1-1714 : 1. 

These comparisons will convey 
some useful information to many 
readers ; and they may sometimes 
suggest to scientific writers the 
advantage of studying the actual 
nature of machines ; for relations so 
extremely obvious and simple could 
never have been overlooked by any 
one who might have condescended 
to apply himself to an examination 
of the subject. 

The power of a water-wheel may 
be considered under two points of j 
view ; each of which has its peculiar 
use. If we wish to compare it with 
any other first mover, then we shall 
have to calculate its mechanical 
power. But when it is desirable to 
compute the resistance it will over- 
come at the working point, the ef- 
fective force should be calculated. 

When the -water flows upon the 
wheel, either at or above the axis, j 
the mechanical power is 


%bv 

c—x 

cubic feet of water, or 

c- — 2x 2 
3125 b v~~ ~ 


lbs.; 


where b v is the quantity of water 
expended in a second, in cubic feet; 
c the part of the circumference be- 
tween the lowest point of the wheel 
mid the place where the water flows 
upon it, in feet ; and x the part of 
the circumference between the point 
which is level - with the axi*, and 
that where the water flows upon the 
wheel, in feet. 

Suppose the mechanical power of 
a horse is estimated at 200 lbs., 
moving with a velocity of 3§ feet 
538 
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per second, then a water-wheel will 
be equal 

31*25 b v (c 2 — 2x 2 ) , 

200V3I (c - x)~~ h ° rSeS ’ 

■00-126 b d (c 3 ~2x ! K 

— ^ horses. 

C — X 

When the water flows on either 
at the summit or at the level of the 
axis, the mechanical power is 31*25 
b v c lbs., or it is = 0-00420 bvc 
horses. 

^ ben the water flows on at 52| 
degrees distant from the summit, the 
mechanical power is 37*192 bv clbs., 
or = *005 bvc horses. Since in this 
case c = 127% degrees of the cir- 
cumference, we have c = 127% x 
•0174533 and as r = *554 h ; and 
v =2-67 V h ; by substituting these 

quantities, we have 122*176 b h* lbs. 
= the mechanical power ; or *01G4 

b h? = the number of horses, where 
h = the whole height of the fall, in 
feet, and b = the area of the aperture 
through which the water flows upon 
the wheel, in feet. 

The effective force is 31*25 b c lbs. 
when the water flows on either at 
the summit or at the level of the 
axis. 

When the water flows on at 62% 
degrees distant from the summit 
of the wheel, the effective force is 
37*192 b clbs. or 45-746 b h lbs. 

Of the •power of breast-wheels . — 
When the water flows on below the 
level of the axis of the wheel, it 
may be termed a breast-wheel. 

Let y be the distance below the 
axis measured on the circumference, 
then 

c 2 bv 

2 (c + y) 

equal the mechanical power in cubic 
feet of water, or 

, 31- 25 

c + y 

When y — c the power will be re- 
duced one-half, and when y = 2 c it 
will be reduced two thirds, and 
on. 

If we assume that the meehmie.il 
power of an undershot wheel i> half 
that of an overshot one ‘under the 
same circumstances of quantity and 
fall then it will be an advantage 
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to employ an undershot wheel when- 
ever the Vail is less than three-tenths 
of the radius of the wheel. But 
since the radius of the wheel may in 
many cases be diminished, it does 
not appear to be desirable to employ 
an undershot wheel in any case, 
except where the quantity of %vater 
is great and the fall inconsiderable. 

Water- wheel with, ventilated 
Buckets. Since the time of Smea- 
ton’s experiments in 1759, little or 
no improvement has been made in 
the principle on which water-wheels 
have been constructed. The substi- 
tution, however, of iron for wood, as 
a material for their construction, has 
afforded opportunities for extensive 
changes in their foims, particularly 
in the shape and arrangement of the 
buckets, and has given altogether a 
more permanent and lighter cha- 
racter to the machine than had 
previously been attained with other 
materials. A curvilinear form of 
bucket has been generally adopted, 
the sheet iron of which it is com- 
posed affording facility for being 
moulded or bent into the required 
shape. 

From a work entitled ‘Meca- 
liiques et Inventions approuve'es par 
l’Acaddmie Royale des Sciences,’ 
published at Paris in 1735, it ap- 
pears, that previous to the com- 
mencement of the last century, 
neither the breast nor the overshot 
water-wheels were much in use, if at 
all known ; and at what period and 
by whom they were introduced, is 
probably equally uncertain. The 
overshot wheel was a great improve- 
ment, and its introduction was an 
important step in the perfecting of 
hydraulic machines ; but the breast- 
wheel. as now generally made, is a 
still further improvement, and is 
probably better calculated for effec- 
tive duty under the circumstances of 
a variable supply of water, to which 
almost even- description of water- 
wheel is subjected. Improvements 
have taken place during the last and 
the present centuries. The breast- 
wheel has taken precedence of the 
overshot-wheel, not so much from 
any advantage gained by an increase 
of power on a given fall, as from the 
increased facilities which a wheel of 
this description, having a larger 


diameter than the height of the fall, 
affords for the reception of the water 
into the chamber of the bucket, and 
also for its final exit at the bottom. 

Another advantage of the in- 
creased diameter is the comparative 
ease with which the wheel over- 
comes the obstruction of back- 
water. The breast-wheel is not 
only less injured from the effects 
of floods, but the retarding force is 
overcome with greater ease, and the 
wheel works for a longer time and 
to a much greater depth in back- 
water. 

The late Dr. Robison, Professor 
of Natural Philosophy in the Uni- 
versity of Edinburgh, in treating 
of water-wheels, says, ‘There fre- 
quently occurs a difficulty in the 
making of bucket- wheels, when the 
half-taught millwright attempts to 
retain the water a long time in the 
buckets. The water gets into them 
with a difficulty which he cannot 
account for, and spills all about, 
even when the buckets are not 
moving away from the spout. This 
arises from the air, which must 
find its way out to admit the water, 
but i9 obstructed by the entering 
water, and occasions a great sput- 
tering at the entry. This may be 
entirely prevented by making the 
spout considerably narrower than 
the wheel : it will leave room at 
the two ends of the buckets for the 
escape of the air. This obstruction 
is vastly greater than one would 
imagine ; lor the water drags along 
with it a great quantity of air, as 
is evident in the water-blast as de- 
scribed by many authors.’ 

In the construction of wheels for 
high foils, the best proportion of 
the opening of the bucket is found 
to be nearly as five to twenty-four ; 
that is, the contents of the bucket 
being 24 cubic feet, the area of the 
opening, or entrance for the water, 
would be five square feet. In 
breast-wheels which receive the 
water at the height of 10° to 12° 
above the horizontal centre, the 
ratio should be nearly as eight to 
twenty-four, or as ore to three. 
With these proportions, the depth 
of the shrouding is assumed to 
be about three times the width 
of the opming, or three times 
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the distance from the lip to the 
back of the bucket, as from a to 
e, tig. 1, the opening being 5 
inches, and the depth of the shroud 
15 ingles. 


Fig. 1. 



For lower falls, or in those wheels 
which receive the water below the 
horizontal centre, a larger opening 
becomes necessary for the recep- 
tion of a large hotly of water, and 
its final discharge. 

In the construction of water- 
wheels, it is requisite, in order to 
attain the maximum effect, to have 
the opening of the bucket suffi- 
ciently large to allow an easy en- 
trance and an equally free escape 
for the water, as its retention in 
the bucket must evidently be in- 
jurious, when carried beyond the 
vertical centre. 

Dr. Robison further observes, 
‘There is another and very seri- 
ous obstruction to the motion of 
an overshot or bucketed wheel. 
When it moves in back-water, it 
is not only resisted by the water 
when it moves more slowly than 
the wheel, which is very frequently 
the case, but it lifts a great deal 
in the raising buckets. In some 


pirticular states of back-water, the 
descending bucket tills itself com- 
pletely with water, and in other 
cases it contains a very considerable 
quantity, and air of common den- 
sity, while in some rarer cases it 
contains less water, with air in a 
condensed state. In the first case, 
the rising bucket must come up 
filled with water, which it cannot 
drop till its mouth gets out of the 
water. In the second case, part 
of the water goes out before this ; 
but the air rarefies, and therefore 
there is still some water dragged 
or lifted up by the wheel, by suc- 
tion, as it is usually called. In the 
last case, there is no such back- 
load on the rising side of the wheel, 
but (which is as detrimental to its 
performance) the descending side 
is employed in condensing air ; and 
alt! ough this air aids the ascent of 
the rising side, it does not aid it so 
much as it impedes the descending 
side, being (by the form of the 
bucket) nearer to the vertical line 
drawn through the axis.’ 

These were the difficulties under 
winch the millwrights of Dr. Ro- 
bison’s time laboured ; and the 
remedy •which they applied (and 
which has since been more or less 
continued) was to bore holes in 
w hat is technically called the ‘start’ 
of the bucket. This was the only 
means adopted for removing the 
air from the buckets of overshot 
wheels in order to facilitate the 
admisoion and emission of the 
water. In low’ or falls, w'lierc wheels 
with open buckets were used, or 
straight float-boards radiating from 
the centre, large openings w’ere 
made in the sole-planking, exclu- 
sive of perforations in each buclct. 
in order to relieve them from tl’C 
condensed air. The improved con- 
struction of the present time i^ 
widely different, the buckets being 
of such a shape as to admit the 
water at the same time that the 
air is making its escape. 

During the early part of 1825, 
and the two succeeding years, two 
iron water- wheels, each of one 
hundred and twenty horse power, 
were constructed in Manchester 
for Messrs. James Finlay and to., 
of the Katrine Works, under the 
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auspices of the late Mr. Buchanan, 
and also for the same Company at 
Deanston, in "Perthshire, of which 
firm the late Mr. James Smith 
(Deanston) was then the resident 
partner. These wheels may probably 
be considered as some of the most 
powerful and the most complete 
hydraulic machines in the United 
Kingdom. The construction of 
these wheels, and others for lower 
falls, first directed attention to the 
ingress and egress of the water, 
and led to the improvements which 
have since been introduced. 

The object of these modifications 
may be generally stated to have 
been for the purpose of preventing 
the condensation of the air, and 
for permitting its escape, during 
the filling of the bucket with water, 
as also its re-admission during the 
discharge of the water into the lower 
mill-race. 

Shortly after the construction of 
the water-wheels for the Katrine 
and Deanston works, a breast 
wheel was made and erected for 
Mr. Andrew Brown of Linwood, 
near Paisley. In this it was ob- 
served, when the wheel was loaded, 
and in flood-waters, that each of 
the buckets acted as a water-blast, 
and forced the water and spray to 
a height of six or eight feet above 
the orifice at which it entered. 
This was complained of as a great 
defect, and, in order to remedy it, 
openings were cut in the sole- 
plates, and small interior buckets 
were attached to the inner sole, as 
shown at b f b , b , fig. 2. The air in 
this case made its escape through 
the openings «, a, a, into the inner 
bucket, and passed upwards, as is 
shown by the arrows, through b, b , b, 
into the intfrior of the wheel. By 
these means it, will be observed that 
the buckets were effectually cleared 
of air whilst they were filling, and 
that during the obstructions of back- 
water, the same facilities were af- 
forded for its re-admission, and the 
discharge of the water contained in 
the rising buckets. The effect pro- 
duced by this could scarcely be 
credited, as the wheel not only re- 
ceived and parted with the water 
freely, but an increase of ne; «rly one- 
fourth of the power was obtained. 


and the wheel, which still remains as 
then altered, continues, in all states 
of the river, to perform its duty 
satisfactorily. 

The amount of power gained, and 
the beneficial effects produced upon 
Mr. Brown’s wheel, induced a new 


Fig. 2. 



and still greater improvement in 
the principle of construction : the 
first wheel erected on this, which 
has been called the ‘ventilated’ 
principle, was one designed for Mr. 
Duckworth, at the Handforth Print- 
Works, in the neighbourhood of 
Wilmslow, in Cheshire. 

Close-bucketed wheels labour 
under great difficulties when receiv- 
ing the water through the same ori- 
fice at which the air escapes, and in 
some wheels the forms and construc- 
tion of the buckets are such as al- 
most entirely to prevent the entrance 
of the water, and to deprive the 
wheel of half its power. These de- 
fects may be easily accounted for 
where the water is discharged upon 
the wheel in a larger section than the 
opening between the buckets: under 
such circumstances the air is sud- 
denly condensed, and, re acting by 
its elastic force, throws back the wa- 
ter upon the orifice of the cistern, 
and thus allows the buckets to pass 
without their being more than half- 
filled. Several methods have been 
adopted for relieving them of the 
air: the most common plan is, by 
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cutting holes in the sole-plates close 
to the back of the buckets, or else 
making the openings between them 
much wider, in order to admit the 
water and at the same time to allow 
the air to escape. All these remedies 
have been more or less effective ; but 
they labour under the objections of 
a great waste of water and much in- 
convenience, by the water falling 
from the opening down upon the 
lower part of the wheel, exclusive of 
the puffing and blowing when the 
bucket is filling. 

Other remedies have been applied, 
such as circular tubes and boxes 
attached to the sole-plates, which, 
extending upwards, furnish openings 
into the interior of the wheel for the 
air to escape ; but these, like many 
other plans, have been, to a certain 
extent, unsuccessful, owing to the 
complexity of their structure, and 
the inadequate manner in which the 
objects contemplated were attained. 
In fact, in wheels of this description 
it has been found more satisfactory 
to submit to acknowledged defects, 
than to incur the trouble and incon- 
venience of partial and imperfect 
remedies. 

In the improvements made by 
Mr. Fairbairn, these objections arc 
to a great extent removed, and a 
thorough system of ventilation has 
been effectually introduced. Before 
entering upon the description of this 
new principle of ventilation, it is 
necessary to remark, that in climates 
like Great Britain and Ireland, where 
the atmosphere is charged with 
moisture for six or seven months in 
the year, it is no uncommon occur- 
rence for the rivers to be considerably 
swollen, and the mills depending 
upon water are either impeded or 
entirely stopped by back-water ; 
while at other times a deficiency of 
rain reduces the water-power below 
what is absolutely required to drive 
the machinery. On occasions of this 
kind, much loss and inconvenience 
are sustained, particularly in mills 
exclusively dependent upon water 
as a motive power, and where a 
number of work-people are employed. 

On the outskirts of the manufac- 
turing districts, where the mills are 
more or less dependent upon water, 
these^ inconveniences are severely 


felt; and in some situations these 
interruptions arise as frequently 
from an excess of water as from a 
deficiency in the suppl}*. To remedy 
these evils, reservoirs have been 
formed, and wheels have been con- 
structed to work in floods ; but al- 
though much has been accomplished 
for diminishing these injurious ef- 
fects, and giving a more regular sup- 
ply in dry seasons, yet the system is 
still imperfect, and 'much has yet to 
be done, before water can be con- 
sidered equal, as a motive power, to 
the steam engine, which is always 
available where the necessary fuel 
is at hand. It is therefore obvious, 
that any improvement in the con- 
struction of water-wheels, whereby 
their forms and requirements may be 
better adapted to meet the exigencies 
of high and low waters, will con- 
tribute much to the efficiency and 
value of mills situated upon rivers 
subjected to the changes alluded to. 

Water-wheels (Ventilated) - as 
adapted to low falls. The first 
wheel constructed upon the venti- 
lated principle was erected at Hand- 
forth, in Cheshire, in the summer of 
1828 : it proved highly satisfactory 
to the proprietors, Messrs. Duck- 
worth and Co., and gave such im- 
portant results as to induce its re- 
petition, without variation, in cases 
where the fall did not exceed the 
semi-diameter of the wheel. 

In the earlier construction of 
iron suspension wheels by the late 
Mr. J. C. Hewes, the arms and 
braces were fixed to the centres by 
screws and nuts upon their ends, 
as shown in fig. 3. The arms c, c % 
passed through the rim b, b, and 
the braces e , e, which traverse the 
angle of the rim f,f are, as nearly 
as possible, in the position and 
form adopted by Mr. Hewes. This 
arrangement, although convenient 
for tightening up the arms and 
braces, was liable to many objec- 
tions. arising from the nuts be- 
coming loose, and the consequent 
difficulty of keeping the wheels true 
to the circle, and the arms and 
braces in a uniform state of tension : 
gibs and cotters were therefore sub- 
stituted for the nuts and screws, and 
since their introduction into the 
large wheels of the Katrine Works, 
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Ayrshire, the objections have been 
removed, and the arms and braces 
are not only perfectly secured, but 
the periphery of the wheel is re- 
tained in its true and correct form. 

Having noticed the obstructions 
offered to the entrance of the water 
into buckets of the usual form, and 
the consequent loss which ensues 
from its retention upon the wheel, 
after its powers of gravitation have 
r eased, it is now necessary to show 


Fig. 3. 



the means whereby those defects 
were removed, and also to exhibit 
the relation existing between the 
breast and the undershot wheels 
These terms have, however, become 
nearly obsolete, as every description 
of water-wheel may now be pro- 
perly called a breast-wheel ; and in 
every fall, however low, it is gene- 
rally found advantageous for the 
water to act by gravitation, and not 
by impulse, as during the early 
periods of the industrial arts. 

Water-wheels (Breast), with 
close Soles and ventilated 


Buckets. The preceding state- 
ments have been principally con- 
fined to the form of buckets and 
description of water-wheel adapted 
for low falls. It is therefore neces- 
sary to describe the best form of 
breast-wheels for high falls, or those 
best calculated for attaining a max- 
imum effect on falls varying from 
one-half to three-fourths of the di- 
ameter of the wheel. This is a de- 
scription of water-wheel in common 
use, and is generally adopted for 
falls which do not exceed 18 feet in 
height, and, in most cases, is pre- 
ferable to the overshot wheel. It 
possesses many advantages over the 
undershot wheel, and its near ap- 
proximation to the duty, or labour- 
ing force, of wheels of the former 
description, renders it applicable in 
many situations, especially where 
the tall does not exceed 18 or 20 
feet, and where the wheel is exposed 
to the obstructions of back-water. 
In the latter case, wheels of larger 
diameter are best adapted ; and pro- 
vided sufficient capacity is left fin 
the buckets, such wheels may be 
forced through the back-water with- 
out diminution of speed. Every 
wheel of this kind should have ca- 
pacity in the buckets to receive a 
sufficient quantity of water to force 
the wheel, at full speed, through a 
depth of 5 or 8 feet of back-water ; 
and if these provisions are made, a 
steady uniform speed, under every 
circumstance of Ireshes and flood- 
waters, may be attained. 

Irrespective of the advantages of 
clearing the buckets of air, ad- 
ditional benefit is obtained by the 
facility with which the water is 
discharged, and the air again ad- 
mitted, at the bottom of the fall, 
during the period of the emptying 
of the bucket into the tail-race. 
This is strikingly illustrated where 
the wheels labour in back-water, 
as the ventilated buckets rise freely 
above the surface, and the commu- 
nication being open from one to 
the other, the action is rendered 
perfectly free, at almost any depth 
to which the wheel may be im- 
mersed. 

In breast-wheels constructed for 
falls of 25 feet or upwards, the stone- 
breast is net required, as the buckets 
i43 
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arc formed with narrow openings, 
and the lip being extended nearer 
to the balk of the following bucket, 
the water is retained much longer 
upon the wheel. Under these cir- 
cumstances, a stone-breast is of little 
or no value, when attached to a 
wheel with close buckets, on a high 
fall. 

The construction of the breast- 
wheels, as above described, is al- 
most exactly similar to that for the 
lower falls ; malleable iron arms 
and braces being common to both, 
as also the axle, shroud, and seg- 
ments. These, when duly propor- 
tioned and properly fitted to each 
other, form one of the strongest, and 
probably the most peimanent struc- 
tures, that can be attained in works 
of this description. 

Water-wheel (common Breast, 
not ventilated), as constructed 
by Messrs. Fairbairn and 
Lillie. These wheels were ex- 
ecuted upon the plan of the overshot 
or breast-wheel, taking the water at 
an elevation nearly equal to that of 
its height. Four wheels of this 
description were constructed fur 
Messr>. James Finlay and Co., fur 
a fall of 32 feet, at Deanston, in 
Perthshire, and two others, for the 
same firm, at the Katrine Work**, 
in Ayrshire, on a fall of 48 feet. 
Taking into consideration the height 
of the fall, the Katrine water-wheels, 
both as regards their power and the 
solidity of their construction, are, 
even at the present day, probably 
among the best and most elleetive 
structures of their kind. 

It was originally intended to have 
erected four of the«e wheels at the 
Katrine Works, but only two have 
been constructed ; preparations were, 
however, made for receiving two 
others, in the event of an enlarge- 
ment of the reservoirs in the hilly 
districts, and more power being re- 
quired for the mills. This exten- 
sion has not yet been wanted, as 
these two wheels are equal to 240 
horse-power, and are sufiiciently 
powerful, except in very dry 
seasons, to turn the -whole of the 
mills. 

These water-wheels are 50 feet in 
diameter, 10 feet 6 inches wide in- 
side the bucket, and 15 inches deep 
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on the shroud; the internal spur 
segments are 48 feet 5 inches in di- 
ameter, 3^ inches pitch, and 15 in- 
ches broad on the cog ; the large 
spur-wheels are 18 feet 2^ inches 
in diameter, 3£ inches in the pitch, 
and 1G inches wide on the cog; 
and the pinions are the same width 
and pitch, but are 5 feet 6 inches 
in diameter ; the large bevel-wheels 
aie 7 feet in diameter, 3^ inches in 
the pitch, and 18 inches broad on 
the cog, their proportions being 
calculated to convey the united 
power of all the four water-wheels, 
should the original design ever be 
completed. 

The water for the supply of the 
wheels is conveyed from the river 
Ayr in a canal and tunnel, and 
from thencej along the side of a 
rising bank, to the -wheel-house. 
From this point it is conveyed to 
the water-wheels by a large sheet- 
iron trough, supported oil iron 
columns. 

When viewed from the entrance, 
the two wheels already erected have 
a very imposing effect, each of them 
being elevated upon stone piers; 
and as the whole of the cisterns, 
sluices, winding apparatus, galleries, 
etc., are considerably elevated, they 
are conveniently approached in 
every part. Under the wheels is 
a capacious tunnel, terminating at 
a considerable distance down the 
river. 

Water-wheels on a principle in- 
troduced by M. Poncelet, have at- 
tained some considerable reputation 
on the Continent ; and as Mr. Fair- 
bairn has constructed one of them 
for Mr. De Bergue, it is necessary 
to allude briefly to the peculiarities 
it possesses. 

The buckets are of a curvilinear 
form, and are quite open at the back, 
without an} 7 sole-plate ; so that they 
are perfectly ventilated. The water 
impinges upon them at nearly the 
lowest point of the wheel, the shuttle 
being arranged to draw upwards; 
and as the water enters, it follows 
the inside cavity of the bucket, 
rises and falls over into the next in 
succession, and so on. By this sys- 
tem the force of the water is ex- 
pended on the wheel itself, instead 
of losing much of its power in rush- 
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ing along through the -wheel- race, 
as generally occurs even in well- 
made undershot wheels. 

M. Poncelet has treated this sub- 
ject at much length in his able work 
on water-wheels ; but it may be 
observed, that a practical improve- 
ment might be effected by terminat- 
ing the lower stone platform of the 
race somewhat short of the vertical 
line of the centre of the wheel, as the 
escape of the water would be facili- 
tated, and the ascending buckets 
would be more easily relieved of 
their contents : this is a point of 
such importance for all wheels, that 
it must equally apply to this form. 

Mr. De Bergue obtained nearly 
seventy-eight per cent, of power 
from a breast-wheel, with a good 
fall, when the periphery was tra- 
velling at a velocity of 6 feet per 
second. 

He has erected several of Ponce- 
let’s wheels, and thought well of 
them ; indeed, for certain situations 
it was thought they were preferable 
to any other form, although M. 
Poncelet had never yet been able 
to obtain very superior results from 
wheels erected under his own superin- 
tendence. 

Mr. De Bergue has explained the 
construction of a wheel, on this prin- 
ciple, erected at the Loubregat, near 
Montserrat, in Catalonia ; one of the 
same kind having been already 
erected by him at Gerona, between 
Barcelona and Belgrade. 

The diameter was 1G feet 8 inches, 
and the width was 30 feet, which, 
with a fall of 6 feet 6 inches, passed 
120,000 cubic feet of water per 
minute, when the periphery tra- 
velled at a velocity of 11 to 12 feet 
per second. An ordinary breast- 
wheel would require to be GO feet 
wide, to use advantageously that 
quantity of water. It was found 
that the velocity of the periphery 
should be about 55 per cent, of that 
of the water flowing through the 
sluice; and upon these data the 
power of the heel would be about 
180-horsc power. 

The buckets were of a curved 
form, and made of wrought iron, 
^th of an inch thick ; and it should 
ue observed that there was a larger 
number of buckets than usual, and 
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that the water came uj on them at a 
tangent, through an orifice of such 
a form and dimensions as to allow 
the buckets to fill easily, at the 
rapid speed at which the periphery 
passed before the sluice. This great 
primary velocity was very import- 
ant, as it caused a considerable 
saving in the gearing of the mill. 

The main shaft was formed by a 
hollow cylinder of cast-iron, 4 feet 
G inches diameter, in short lengths, 
bolted together ; and the arms were 
of wrought-iron, made very light, 
and of the same form as those of a 
paddle-wheel of a steamer, and 
placed very close together. The 
strain was brought entirely upon 
the main shaft, and the weight of 
the wheel was thus reduced to about 
thirty tons, which was very little 
for so powerful a machine. 

The sluice was formed of cast-iron 
plates, with planed joints, bolted 
through the tianches, to form one 
large shuttle of the entire breadth of 
the wheel, and its motion was regu- 
lated by radial tie -rods, between the 
stone apron and the back of the 
sluice, •which could thus be raised 
with great facility by racks and 
pinions, and be regulated by the 
ordinary governor, the weight of 
the sluice being in a great degree 
supported by the water flowing be- 
neath it on to the wheel. It moved 
very accurately between the side 
walls of the pen-trough, and cup- 
leathers at each side prevented any 
waste of water. 

This kind of wheel was less 
affected with back-water than any 
other form, and the water acted 
upon it with its full power of velo- 
city, witheut any impediment from 
the air in entering, as there was no 
sole-plate : the buckets filled aud 
emptied with great facility. It is 
therefore most satisfactory for all 
falls under 8 feet in height, though 
the principle differs essentially from 
that generally taken as the basis of 
construction of water-wheels. 

Water-work, ornamental wall- 
painting in distemper. 

Wave, the alternate elevation and 
depression of parts of the surface of 
a liquid above and below the natu- 
ral level. 

Waved, in heraldry , an indented out- 


WAX 


WEALDEN, 


line, indicating honours originally 
acquired at sea. 

Wax, the substance of which the 
honeycombs of bees are composed, 
and which is of considerable use in 
several branches of art. 

Wax, Mineral. {See Ozokerite.) 

Wax opal, an inferior kind of com- 
mon opal. 

Wax-painting. For this art the 
colours are ground with wax, then 
oil of turpentine is added, and some- 
times mastic and oil of lavender. 
This style of painting was much 
practised by the ancients. 

Way -shaft, in steam-engines , the rock- 
ing-shaft for working the slide-valve 
from the eccentric. 

Wealden. Beneath the two great 
divisions of the Cretaceous system, 
and consequently of very ancient 
date, there occurs in England an 
important series of beds, chiefly of 
lacustrine or fluviatile origin, known 
as the Wealden. Before the sub- 
mergence of what are now the south- 
eastern parts of England, first be- 
neath the comparatively shallow 
Greensward, and then beneath the 
profounder depths of the ocean of 
the chalk, a mighty river, the drain- 
age of some unknown continent, 
seemed to have flowed for many ages 
along those parts of Kent, Surrey, 
and Sussex, known as the Valley of 
the Weald. The banks of this old 
nameless river were crossed with 
forests of coniferous trees of pine 
and araucarian families, with cyca- 
deae and ferns, and were haunted by 
gigantic reptiles, herbivorous and 
carnivorous, some of which rivalled 
in bulk the mammoth and the ele- 
phant ; its waters were inhabited by 
amphibia of the same great class, 
chiefly crocodiles and chelonians of 
extinct species and type — by numer- 
ous fishes too of the old Ganoid 
order, and by shells whose families, 
and even genera, still exist in our 
pools and rivers, though the species 
be all gone. Winged reptiles, too, 
occasionally flitted amid its woods, 
or sped over its broad bosom ; and 
insects of the same family as that to 
which our dragon-flies belong, spent 
the first two stages of their existence 
at the bottom of its pools and 
shallows, and the terminal one in 
darting over it on their wings of 


delicate gauze, in quest of their 
prey. 

Weather boarding, in architecture , 
feathered edged boarding nailed up- 
right, the boards lapping over each 
other. 

Weathercock, a vane : — first made in 
the shape of a cock, but now a vane 
of any shape. 

Weather-gage, in navigation . When 
a ship is to -windward of another, 
she is said to have the weather-gage 
of her. 

Weather-moulding, a label, canopy, 
or drip-stone, over a door or window, 
intending to keep off water from the 
parts beneath. 

Wedge. The wedge is a solid piece 
of wood or metal, generally made in 
the form of a triangle prism, of which 
the two ends or bases are equal and 
similar plane triangles, and the three 
sides rectangular parallelograms : 

• 11 1 1 . s, 1 r. : ■ , 

;■ ■! i 

i ■ ■ ■ • : ■■■ i i- i J.l 

angles, isosceles, or scalene triangles. 
As a mechanical power, the wedge 
performs its office, sometimes in 
raising heavy bodies, but more fre- 
quently in dividing or cleaving 
them;" hence all those instruments 
which are used in separating the 
parts of bodies, such as axes, adzes, 
knives, swords, coulters, chisels, 
planes, saws, files, nails, spades, etc., 
are only different modifications that 
fall under the general denomination 
of the wedge. 

Wedging, the insertion of triangular 
prisms into the end of a tenon, to 
make it fill the mortice so complete- 
ly as to prevent its being withdrawn. 

Weighboard, in mining , clay inter- 
secting a vein. 

Weight, a, in mining , a fall of the 
rock from under which the coal has 
been taken ; principally used in South 
Wales. 

Weight and Power, when opposed 
to one another, signify the body to 
be moved and the body that moves 
it. That body which communicates 
the motion is called the power, and 
that which receives it the weight. 

W eight. Metrical. Before the great 
revolution of 1793, the separate 
provinces of the French kingdom 
had their different systems of mea- 
sures : just as in England the differ- 
617 
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eut counties had theirs, before the 
introduction of the imperial mea- 
sures. There was, consequently, much 
confusion attached to the meanings 
of the different terms employed. 
An acre in Normandy did not mean 
the same as an acre in Picardy; a 
pound in Paris differed from a pound 
elsewhere. The Government of 
France refoimcd the whole system 
of weights and measiiK . and based 
the new one upon natural and easily 
verifiable principles. 

The merit of having originated 
the metrical system is due to the 
government of Louis XV., who 
named a commission to pursue the 
investigations necessary to decide 
the principles upon which it was to 
be carried out. After a very serious 
consideration of the case, and a nu- 
merous series of observations carried 
on during the reign of Louis XVI, 
and under the Convention, the 
Academy of Sciences decided that 
all the different weights, measures, 
and coinages should be established 
according to certain definite relations 
to the dimensions of the globe itself. 
These are, to all human perception, 
invariable. If therefore the standard 
were lost, it is always possible to re- 
find it, by a repetition of the same 
sort of observations which gave rise 
to the fixing it in the first instance. 
The beat of a pendulum, chosen by 
our own Astronomical Hoard, is a 
very uncertain base for such calcu- 
lations ; for the conditions of the 
vacuum, the temperature of the 
atmosphere, the specific gravity of 
the pendulum, nay, perhaps, even 
the magnetic currents, may afiect 
the length of the space it goes 
through, in a manner able to afiect 
calculations which require such 
mathematical exactitude as those 
connected with ascertaining the 
standard of a perfect system of mea- 
sures. 

The length of the earth’s meridian 
was ascertained by Messrs. Delambre 
and Mechain, in the portion between 
Dunkerque and Barcelona ; and by 
Messrs. Arago and Biot, in the por- 
tion between Barcelona and For- 
raentera. The length of the meridian 
from the pole to the equator, passing 
through Paris, was then divided into 
ten million parts ; and one of these 


parts, called the metre, became the 
basis of the new system of weights 
and measures. Maupertuis had pre- 
viously, iu the year 1736, measured 
a portion of the arc of a meridian 
passing through the North Cape, 
and his observations were combined 
with those of the second commission. 
In spite of all this care, however, an 
error was made in fixing the length 
of the metre ; for the distance from 
the equator to the pole is really 

10.000. 738 metres, instead of 

10.000. 000. For any practical pur- 
pose, however, this error is inappli- 
cable ; but it is very unfortunate. 

The length of the metre once as- 
certained, the other measures were 
derived from it. All the multiples 
and sub-multiples were formed on 
the decimal system, and respectively 
designated by Greek and Latin pre- 
fixes to the name of the unities. 
Thus", the multiples of the metre are 
the e/eca-metre, ten metres ; the 
/teefo-mbtre, a hundred metres; the 
^//o-metre, a thousand metres ; the 
myriu- metre, ten thousand metres. 
In deference to old customs the term 
* league * has been retained, and a 
legal value of four kilometres affixed 
to it. 

The sub-multiples of the metre 
are : the deci- metre, the tenth part 
of a metre; the cenfi-mfctre, the 
hundredth part of a metre ; and the 
milli- metre, the thousandth part of a 
metre. 

The same prefixes are, of course, 
applicable to all the other unities. 

The unities of length in use for 
ascertaining the distances of places, 
are, as said before, the metre (the 
kilometre and the myriametre) and 
the league. 

The unity of surface is the ‘ arc/ 
which is a square of ten metres on 
a side, or one hundred superficial 
metres. The usual multiples and 
sub-multiples are, the hect- are, a 
square of one hundred metres on a 
side ; and the ceafi-are, the mtdro 
superficial. The terms usually em- 
ployed in the sale of land and in 
agricultural discussions, are simply 
tho>e named above. 

The unity of weight is the 
* gramme/ which is the equivalent 
of a cube of distilled water (at a 
temperature of 4° above the ‘ice- 
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melting point’ of the centigrade 
scale), measuring a centimetre every 
way. The multiples and sub-mul- 
tiples are, as before : the deca- 
gramme, ten grammes ; the hecto- 
gramme, a hundred grammes ; the 
kilogramme, a thousand grammes; 
the decigramme, a tenth part of a 
gramme, etc. A thousand kilo- 
grammes, then, would form a cube 
equal to one measuring a metre on 
every side ; and it is made the legal 
tou lor heavy weights. 

The unity of capacity is the ‘litre,’ 
which is the equivalent of a cube, 
measuring one-tenth part of a metre 
every wav. The multiples and 
sub-multiples are formed as before. 
They are, the decalitre, the hecto- 
litre*, the kilolitre, the decilitre, and 
the centilitre, etc. The litre is usually 
employed in expressing the quan- 
tities *of liquids ; the hectolitre in 
expressing those of grain. 

A thousand litres of water thus 
are equal to a metre cube every 
way, and are one ton in weight. 
Another advantage in this system 
is, that the tables of specific gra- 
vity serve at once to ascertain the 
weights of the different substances. 


Thus, inasmuch as the specific 
gravity of cast iron is 7,202, the 
weight of a metre cube is at once 
7,202 kilogrammes, or 7 tons 202 
kilogrammes. 

As investigations connected with 
the supply of water are of great im- 
portance, it may be added, that the 
quantity reckoned as the unity in 
such calculations is the module or 
20 cubic metres ; being nearly the 
equivalent of the old ‘pouce de 
fontainier,’ or the quantity usually 
delivered by a hole of one inch 
diameter in the 24 hours. 

The ‘franc,’ the unity of the 
French coinage, is 5 grammes in 
weight of an alloy containing Dine 
parts of pure silver to one of alloy, 
being thus connected with the whole 
metrical and decimal system. 

The law promulgating the metri- 
cal system was dated in the year 
1795.* The forced application of it 
in legal transactions did not take 
place "till nearly 50 years afterwards. 

A Table is subjoined of the dif- 
ferent French weights and measures, 
with the corresponding English 
equivalents. 


Weights and Measures — French , loith their English equivalents. 


French. 

Gramme 
Kilogramme 
Quintal metrique . 
Fa tonne 


WEIGHT. 


ENGLISH. 


f a cube of onc-lumdredtb of a | 
l metre on a side . . J 

1 a thousand grammes, oral 
j cube of water one-tenth of ^ 
V a metre on a side . . j 

100 kilogrammes . 

( 1,000 kilogrammes, or a cube ) 
( of water 1 metre on a side . j 


15 '433 grains troy 

2*68026 lbs. troy 
2*20162 lbs. avoirdupois 
220*4621 lbs. avoirdupois 
1*015649 ton „ 


The old quintal was 100 lbs., French = 50 kilogrammes. 


Exgusii Ti;oy. 

It ECU* ROC AT.I.Y. 

French. 

Grain .... 
Pennyweight 

Ounce .... 
Pound Troy (Imperial) 

. equal to . 

. 0*0G477 gramme 
. 1*55456 „ 

. 31*0913 grammes 
. 0*3750756 kilogiamme 

Avoirdupois. 



Drachm 

Ounce .... 
Pound .... 
Hundredweight . 

Ton .... 

• equal to • • • 

. 1*7712 gramme 

. 2S*3584 grammes 

. 0 • -1 5 ".IMS kilogru m mo 

. f>0*7S20 kilogrammes 

. 1015*619 „ 


To convert pounds avoirdupois into ki lorn aminos, or English tons into French 
tons, or vice ver^i, multiply or divide as follows : 

For pounds, by 0*4534148 

For tons, by 1-015649 

The metrical quintal is 100,000 grammes, or, roundly, 220 lbs. 

The metiical ton, 1,000 kilogrammes, or 2,204 lbs. 10 oz. 
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French. 


Mfetre 


Kilometre . 

3Iyrian ictre . 

Centimetre . 

Millimetre 

ENGLI-sH. 

The inch 
„ foot 
„ yard 
„ furlong . 

,, mile 


LENGTH. 

( about 40.000,000th part of cir- 
cumference of the globe, 
or 10-millionth part of a 
quarter of do. 

. one thousand metres 
. ten thousand metres 
. one-hundiedth of a metre 
, one-thousandth of a metre 
RECIPROCALLY. 

. one-twelfth of a loot English 


, . .3 feet 

, . . 2*2 > yards . 

. . .1760 yards 

To reduce English measure into French, multiply by 
fcures into English, divide by 
Inches to centimetres . . 2*5400 

Feet to metres . . . 0*3047945 — practically 0 3043 

Miles to kilometres . . 1 *609-1 

Feet square to metres square 0*09290 

„ cube to metres cube . 0 023314 . . . . 

French. 


English. 

3-2808992 feet ?i 

1 yard 3*3708 inches 

1093*633 yards 
10936*33 yards 
0-393708 inch 
0*0393708 inch 

French. 

2-539954 centimetres 
3*0479449 decimetres 
0-9143834S mOtre 
201*16437 metres 
1609-3149 metres 
and to reduce French mca« 


A yard cube equal i 
0*76548 metre cute 


English. 
1-196033 yards superficial 


SURFACE. 

Centiarc . . . . .a metre superficial 

Are a square of 10 metres every side 0-098845 roods 

Hectare „ 100 „ „ 2*471143 acres 

Reciprocally. 

A yard square . . . contains 0-836097 metre square 

The rod, or. . . . perch square .... 25 291939 metres square 

„ rood . . . . 1,210 yards square . . . 10-116775 ares 

„ acre .... 4,840 do. do. ... 0*404671 hectare 
lu round numbers, the hectare may be taken as equal to 2} acres. 


Litre 

Decalitre 

Hectolitre 


French. CAPACITY. English. 

{ a cube of one-tenth of a mthre ) 1*7C0773 pint 
* * ' t on a side . . . . ) 0*2*200067 gallon 

, . . ten litres .... 

. . . one hundred litres . 

English. Reciprocally. 

equal to ... 


2*2009668 gallons 
22*009008 „ 

French. 
0*567932 litre 
1*135864 


Pint 
Quart 

Gallon Imperial . . . 4*54345794 litres 

Chaldron . , . ,12 sacks 13*0S51G6 hectolitres 

To turn pressure calculated in pounds per inch superficial into their equivalents 
calculated in kilogrammes per centimetre superficial, or vice versa, multiply, or divide, 
by 0*0702774. 

The following arrangement of Tables cannot but prove useful. 

FRENCH MEASURES OF LENGTH. 



In English 
inches. 

In English feetj In English 
= 12 inches, yards = 3 feet. 

In English 
fathoms — 6 
feet. 

In English 
miles = 
1760} ards. 

Millimetre 

0*03937 

0-0032S09: 

0*0h10936 

0*0005468 

O-OOOOOOG 

Centimetre 

0*39371 

0-0328090! 

0*0109363 

0*0054682 

0*0000062 

Decimetre 

3*93708 

0*3280899 [ 

0*1093633 

0*0511)816 

0*0000621 

Metre 

39*37079 

3 *2808992| 

1*0936331 

0*5468165 

0*0006214 

DocamOtie . 

393*70790 

32*8089920; 

10*9363310 

5*4681655 

0*0062138 

Hectometre . 

3957*07900 

328*0899200! 

109*3633100 

54*6816550 

0*0621382 

Kilcmctie . 

33370*79000 

3280*8992000 

1093*6331000 

546 SI 6 5500 

0*6213824 

Myriametre 

3X707-90000 

32808*9920000 

10956*3310000 

5468*1655000 

6*2138244 


1 Inch = 2*539954 Centimetres. 1 Yard = 0*91438348 Metre. 

1 Foot = 3*0479449 Decimetres. 1 Mile = 1*6093149 Kilometre, 
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TRENCH MEASURES OF SURFACE. 




In English 

In English 

In English 

In English 


In English 

square yards. 

poles = 

roods = 

acres = 


square feet. 

= 9 square 

272 25 

1 OS DO square 

43560 square 

... 


feet. 

square feet. 

feet. 

feet. 

Centiare or sq. 
metre . 


10*704*2993 

1*1960333 

0*0395383 

0-0009S8457 

0*0002471143 

Are or 100 


1076*4299342 

119*6033260 

3-933S290 

0 093845724 

0-0247114310 

sq. metres 






Hectare or 
10 ,o :)0 square 


107642 9934183 

11960-332C020 

395 382S959 

9*884572308 

2-4711430990 

metres . 








1 Square Inch = 6-4513669 Square Centimetres. 

1 Square Toot = 9*2899683 Square Decimeties. 

1 S pi are Yard = 0*S >609713 Square Metre or Ceatiare. 
1 Acre = 0-404671021 Hectare. 


FRENCH MEASURES OF CAPACITY. 




In cubic 

In pints ^ 
= 34*1.592 

In gallons 

In bushels = 


In cubic 

feet = 1728 

— 8 pints = 

8 gallons = 


inches. 

cubic 

cubic 

277*27384 

221S-19075 



inches. 

inches. 

cubic inches 

cubic inches. 

Millilitre, or cubic | 
centimetre . J 
Centilitre, or 10 j 

0 061027 

0*0000353 

0*001761 

0*00022010 

0-000027512 

cubic centi- [ 

metres . . j 

0*610271 

0*0003532 

0*017608 

0*00220097 

0*000275121 

D6cilitre, or 100 \ 






cubic centi- [• 

metres . . } 

6*102705 

0-0035317 

0-17C077 

0-02200967 

0*002751208 

Litre, or cubic ) 

61*027052 

0 0353166 

1*760773 

0-22009CCS 

0*027512085 

Decalitre, or ccn- » 
tistdre . . J 

610*270515 

0*3531658 

1< *607734 

2-20096677 

0-275120816 

Hectolitre, or de* \ 
cistere . . | 

6102*705152 

3-331G3S1 

176*077341 

22-00966767 

2*751208459 

Kilolitre, or St6re, [ 

61027*051519 

85*3165807 

1760*773411 

220*09667675 

27-512084594 

Myiialitre, or tie- ) 
castere . . } 

G10270-515194 

i 

333*1638074 17607-734140 

1 

1 

2200-96676750 273-120815937 

i : 


1 Cubic Inch = 1C*3S61739 Cubic Centimetres, 
1 Cubic Foot = 28*315311!) Cubic Decimetres. 

1 Gallon = 4-543457969 Litres. 


FRENCH MEASURES OF WEIGHT. 



In English 
grains. 

In troy 
ounces = 
480 grains. 

In avoir- 
dupois lbs. 
= 7900 
grains. 

In cwts.=! Tons = 
112 lbs. = 20 cu ts. — 
784 u 00 1 5680000 
grains. grains. 

Milligramme 

Centigramme 

Decigramme 

Gramme . 

Decagramme 

Hectogramme 

Kilogramme . , 

Myriograuime 

0 015434 
0*154340 
1*513 mo 
13*4 54000 
15 4*040. mi) 
154 5 40000,) 
1 "4 11 -000009 
154340 0 >0009 

•000032 
•Ooo 52 2 
•0i'3215 
*032154 
*321542 
3*215417 
32*154107 
321*541667 

0-0000i)22 0-0000(1002 .. .. 

0 O'WO-.’-.'o 0 01) >0(1920 0-00000001 
0-lM(>_>i05 0-00900197 0 0 000010 
0 0022(149 0-00001909 0-00000098 
0-0J2048I; 0-0001068G O’ J0000981 
0 2204S.57 0-0O196S62 0 00009843 
2 2048571 0-019O8622 0-00098431 
22-01S5714 0 196S6221 0 00981311 


1 Grain s= 0*004792 Gi amine. 1 Troy oz. = 31*100168 Grammes. 

1 lb. avd. = 0*45354412 lulogr. 1 Cwt. = 50 7960118 Ivilogr3. 
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BRITISH WEIGHTS AND MEASURES. 


Linear Measure. 



Tiulorgs 

j Chains 

Polei | 

Yards 1 

Icet 

Inches 

Foot 

— 

— 

— ! 

— 

— 

12 

Yard . 

, — 

— 

— 

— 

o 

36 

Foie or Ibid . 

— 

— 

— 

oh 

16* 

108 

Chain of 100 li..k 

— 

— 

4 

°2 

no 

792 

Fm lung 



10 

40 

220 

000 

7920 

Mile 

S 

bd 

S20 

1700 

5250 

God GO 


A League is 3 miles. A Hand (used in measuring horses), 4 inches. A Fathom, 
2 yards, or C feet, or 72 inches. 

A pendulum which vibrates seconds cf mean time in the latitude of London, 
at the level of the sea and in a vacuum, measures 39‘lG'Jd inches. 

Nautical mile 2,02s yards cr 1,011 fathoms. 


Cloth Mcrum e. 



Quaiteis 

Kails 

Inches 

Nail 






Dual ter 

— 

4 

9 

Yard 

4 

16 


Ell 

5 

20 

45 

I rene Ii Ell 

c 

21 

54 


Cubic or Solid Measure , 



Feet 

Inches 

Cubic Foot 

Cub c Yard 

27 



A Ten of Shipping is 42 Cubic Feet. A Barrel’s bulk is 5 Cubic Feet. 


Liquid Measure. 



Calk r.s 

Quarts 

I Tints 

Gill .... 




_ 

.! 

Quart . 






2 

Gallon .... 


. — 

4 

8 

Fiikin cr Qivimr Band 


0 

.20 

72 

Kilderkin or Half Baird 


IS 

72 

114 

I hind .... 


36 

lit 

288 

Hogshead of Ale . 


54 

216 

432 

Hog-head of Wine 


03 

252 

504 

Puncheon 


81 

«i::o 

672 

Butt of Ale . 

. 

108 

49.2 

861 

Pipe of 2 Hogsheads . 

. 

126 

504 

3008 

Tun or 2 Pipes . 

. . 

252 

1008 

2016 
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Land or Square Measure. 



Roods 

Chains 

Poles 

Yards 

Feet 

Inches 

Square Foot . 








144 

Square Yard . 




— 

9 

1290 

Square Pole or Rod 




SOI 

272} 

8920 4 

BmMi 




484 

4356 

027-26 4 

Rood 


n 


1210 

108 90 

156810 0 

Acre 

4 

10 


4840 

435 GO 

027204 0 


A square mile is 610 Acres or 3,097,600 Squat e Yards. 


Apothecaries Weight. 


Marks 


Ounces 

Drams 

Scruples 

Grains 

9 

Scruple 






20 

5 

Dram 





3 

60 

3 

Ounce . 

. 

8 

24 

480 

m 

Pound 

12 

90 

2S8 

5700 


The Ounce and Pound are the same as in Troy weight, but differently subdi- 
vided. A Grain is ali k e in all weights. 


Time Table. 



Days 

Hours 

Minutes 


Minute 







Hour 

— 

— . 

60 


Dav 

— 

24 

1140 

86400 

Week 

7 

163 

10080 

604800 


A common Year is 52 weeks 1 day, or 365 days. Every year which will divide 
by 4 without leaving any remainder is a leap year, and contains 366 days. A 
Century contains 36,524 days. 


Miscellaneous Articles . 


Aum of ITock . . .30 gals. 

Parrel of Tar . . . 2G£ gals. 

Bing of Lead ... 8 cwt. 

Box of Raisins . . .56 lbs. 

Cask of Rice G cwt. 

Chest of Congou Tea about 84 lbs. 

„ Hyson . . 60 to 80 lbs. 

Drum of Figs . . .24 lbs. 

Fit kin of Butter . . 56 lbs. 

Fodder of Lead . . . 19 J cut. 

Gross . . 144 cr 12 dozen. 

Hogshead of Fiench Wine . 4G gals. 
Load of Haj' or Straw . 36 trusses. 
Load of Bricks . . . 500 

Pipe of Madeira . . 92 gals. 

Pocket of Hops . lh to 2 cut. 

Fun. of Brandy . 100 to 110 gal. 
Rum . . 90 to 100 gals. 
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Pun. of Whisky about . 120 gals. 
Butt of Sherry . 108 gals, or 52 doz. 

A Pipe of Port . 115 gals, or 56 doz. 

Quire of Paper . . .24 sheets 

Ream of „ . 480 sh. or 20 qu. 

Roll of Parchment . . 60 skins 

Sack of Flour . . . 280 lbs. 

Tierce of Sugar . . 7 to 9 cwt. 

„ Cotlee . . 5 to 7 cwt. 

Tiuss of Old Hay . . 6G lbs. 

„ New Hay . . CO lbs. 

„ Straw . . .36 lbs. 

Chaldron of coals, London . 25 cwts 
„ , Newcastle 53 cwts. 

Vat of coals ... 3 sacks 

Keel of coals . . 8 chal runs. 

Load of coals, Newcastle • l tons 

m , Morpeth . 15 cwt 
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Miscellaneo us A rticles — continued. 

Load of coals, Lancashire . 25 cwts. 
Basket of coals, West Lancashire 

6 cwts. 

„ , East Lancashire 

3 cwts. 

Ten of coals . . 48 tons, 11 cwts. 

Tub of coals . . .53 cwts. 

Boom of coals 180 bushels and 1 vat. 
Creel of coals, Ayrshire . 3 cwts. 

Fother or Fodder of coals . 17 cwts. 

Welding, the operation of combining 
or joining two pieces of iron or 
steel, by bringing the surface to be 
joined to a heat nearly equal to 
that of fusion. 

Welding Furnace, in metallurgy , a 
name given, especially on the Con- 
tinent, to the reheating furnace, 
■which see. 

Welch Clearing Stone, a soft 
variety of hone slate, used by curriers 
to give a smooth edge to their knives. 
Well, in ship-building , a partition to 
enclose the pumps, from the bot- 
tom to the lower decks, to render 
them accessible, and prevent their 
taking damage. 

Wells. The practice of boring for 
water, adopted in the province of 
Artois, in France, has given the 
denomination to those wells which 
are termed Artesian. Wells on 
this principle are very applicable in 
low level districts covered with 
alluvial deposit or clay ; in such 
situations springs are seldom found, 
and water cajinot be obtained by 
sinking an ordinary well, unless at 
a disproportionate cost. The east- 
ern part of Lincolnshire, which lies 
between the chalk range called the 
Wolds, and the sea, is a case in 
point. It was discovered, perhaps 
accidentally, in sinking through the 
clay to the subjacent chalk, that 
water rose to the surface in a per- 
petual fountain, and an ample sup- 
ply was obtained over the whole of 
that district by the simple operation 
of boring. 

A number of wells of this de- 
scription have also been executed 
in the neighbourhood of London 
by perforating tlie London clay into 
the porous bed of the plastic clay 
formation, and into the chalk. 
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The principle of operation is 
simply this. The hole is bored 
through impervious strata that do 
not contain water, into lower strata 
that are fully charged with it, and 
the water rises by hydrostatic pres- 
sure. The height to which it will 
rise obviously depends upon the in- 
clination of the strata, and other 
causes which affect the relative 
levels of the hole that is made, and 
the subterraneous body of water 
that has been tapped. 

Under most circumstances it is 
necessary to protect the perforation 
that is made by sinking iron pipes. 
The boring is thus secured against 
the accident of the sides falling in, 
and another advantage, which is of 
some importance, is obtained: it 
may chance that the object is to ob- 
tain a supply of soft water which 
has been ascertained to exist at a 
certain level; and that the strata 
which have to be pierced to get to it 
contain hard or impure water; in 
such a case the boring would be con- 
tinued down to the proper depth, 
and the pipes being plunged into the 
soft water, it would rise through 
them, and any water or impurity 
which might be found in the strata 
through which they passed would 
be effectually excluded. If it sc 
happened that at a certain depth 
below the soft water a mineral water 
could be obtained, instead of going 
to the expense of a fresh bore from 
the surface, it would only be neces- 
sary (supposing that both would 
flow to the same level) to bore 
through the pipes already fixed, to 
the mineral water, and insert smaller 
pipes within the larger ones, for 
bringing it up to the surface. 

The history of the great Artesian 
well which was completed at Gre- 
nelle is one of the most remarkable 
instances of confidence in the prin- 
ciple, and of perseverance in execu- 
tion, that is on record. The facts 
are believed to be substantially as 
follows : — A person suggested to the 
authorities, that an Artesian well 
would supply water in a situation 
where it was greatly required ; and 
after some discussion it ended in his 
undertaking the work on the stipu- 
lation, * No water, no pay.’ Ha 
bored down far beyond the point at 
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which he expected to have termin- 
ated his labours; but no signs of 
water appeared ; he persevered, how- 
ever, till he found that the expenses 
had ruined him. Under these cir- 
cumstances, he consulted the cele- 
brated Arago, who encouraged him 
to proceed. Again he went to work, 
and after unparalleled difficulties, at 
the expiration of six years, and at 
the depth of 1,800 feet, the super- 
incumbent mass was bored through, 
and the water came boiling up in 
such quantities, and with such force, 
as to flood the whole district. 

The water, when first obtained, 
was extremely foul : the partial in- 
troduction of an Indian-rubher hose 
is said to have remedied this, and 
the water thus procured from the 
main spring was quite pure, and at 
a very high temperature. 

Well-sinking. The process of boring 
may be thus briefly described : 

The auger, the chisel, or any of 
the great variety of implements 
which are required to meet different 
circumstances and overcome the 
numerous difficulties which are ex- 
perienced, are screwed to iron rods, 
which are usually from 2 to 
inches square. 

The first rod which is attached 
to the tool is generally about 6 feet 
long, and the others are of the uni- 
form length of 20 feet. Each rod 
has a screw at one end, and a tapped 
socket to receive a screw at the 
other, and they fit universally; there 
is also a ‘ middle knob ’ in the centre 
of each rod, which is used for sus- 
pending the rods already fixed, 
whilst others are being added or 
detached, as the implement is 
lowered into the bore, or drawn out 
of it. 

In commencing operations, a stage 
about 8 or 10 feet square, and 20 feet 
high, is erected, when the boring 
takes place from tbe surface. The 
men who work the tool stand upon 
this stage, and a -windlass or crab is 
fixed, chiefly for hoisting and lower- 
ing the rods, but mechanical power 
is also required for assisting in tbe 
working when the depth is very 
great. 

A boring handle is attached to the 
rod, which is used for turning the 
tool round in boring with an auger, 
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or in ‘jumping,’ as is required when 
cutting through rock or indurated 
clay with the chisel. When the 
boring has proceeded till it is found 
difficult to turn the rods, or at such 
times as practical experience dictates, 
it is necessary to draw out the im- 
plements and to bring up the loose 
material that may be at the bottom 
of the bore. 

Under ordinary circumstances a 
common windlass, or a small crab, 
gives sufficient power to work, hoist, 
and lower the rods ; but when the 
bore is of great depth, or the instru- 
ments of unusual size, an increase 
of mechanical power is necessary. 
This may be conveniently obtained 
by placing a second ciab on another 
stage ; or, in extraordinary cases, 
horses may be applied on the surface. 

An economical mode of boring ha3 
been adopted with success on some 
parts of the Continent by using a 
heavy cast-iron bar, 2 cwt. or more, 
armed with a chisel at the lower 
end, and surrounded by a cylinder 
or hollow chamber, winch receives 
through valves and brings up the 
detritus of the perforated stratum. 
This implement is suspended over a 
wheel or pulley fixed above the spot 
in which the hole is made, and is 
raised up and let down by manual 
labour. 

As the rope is raised up and down, 
its tortion gives the chisel a circular 
motion, which varies the place of 
cutting at each descent. When the 
chamber is full, the whole apparatus 
is raised quickly to the surface, aud 
the material it contains discharged. 

In cutting through a hard stra- 
tum, or under circumstances where 
iron pipes could be dispensed with, 
this plan of boring a hole would 
doubtless answer; but it is con- 
ceived that the bore could scarcely 
be made sufficiently straight to ad- 
roit of pipes being inserted. It is, 
however, a much less costly method 
of executing the work where it can 
be made to apply and is well worth 
attention. (See Artesian Wells.') 

■Well-staircase, a winding staircase 
of ascent, or descent, to different 
parts of a building, so called from 
the Avails enclosing it resembling a 
well, called frequently a geometrical 
staircase. 
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Weold, or Weald (Saxon), a forest. 
Wet - puddling, in metallurgy , 

another name for * Pig-boiling,’ 
(which see). 1 In this process, the 
bed of the furnace in which the 
fusion of the pig-iron takes place is 
coated with solid oxidised compounds 
of iron, and there is also a stratum 
of liquid cinder of which the chief 
constituent is protoxide of iron. 
Hence this process of puddling is 
termed “wet” in contradistinction 
to the old method of working on 
sand bottoms which is termed 
“ dry.”’ — Percy. 

Whale-bone. A substance taken 
from the upper jaw of the whale. 
It is firm and elastic, and is used for 

stiffening. Specific gravity, 1*3; 

weight of a cubic foot, 81 lbs.; will 
bear a strain of 5,600 lbs. upon a 
square inch without permanent alter- 
ation, and an extension in length of 
^ ; modulus of elasticity for a base 
of an inch square, 820,000 lbs. ; height 
of modulus of elasticity, 1,458,000 
feet ; modulus of resilience, 38*3 ; 
specific resilience, 29. (Tredgold.) 
Wharf, a levelled surface, terrace, or 
embankment, formed on a river or 
canal bank, or sea-coast, to facilitate 
the landing and embarkation of per- 
sons and goods, and protected by an 
artificial frontage or structure of 
masonry or other materials. The 
natural form of banks and coasts, 
unless defined by masses of rock, is 
usually shelving or inclined, so that 
the depth of water is gradually re- 
duced, and thus prevents the close 
approach of floating-vessels. By 
the construction of wharf-walls, 
which are cither extended into the 
deep water, or the foundations of 
which are sunk so as to permit of 
the subsequent removal of the bank, 
and thus bring deep water into con- 
tact with them, vessels are enabled 
to come close alongside, and thus 
discharge or receive their cargoes 
directly from the wharf. Wharf, 
walls are constructed of various 
materials, but are always formed 
with a slope or batter outwards 
towards the base, in order to give 
greater stability to them, and to re- 
sist the action of the tide and the 
waves. Much theory has been ex- 
pended in attempts to determine the 
precise forms which should be 
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given to these structures, and, ac- 
cordingly, some engineers approve 
of plane-faced walls, while others 
prefer curved faces ; and another 
theory has been started to explain 
that a perfectly vertical face is the 
best of all adapted to resist the in- 
fluence of waves. Whether this 
position be theoretically correct or 
not, however, the value of an ex- 
tended base, in giving stability, is 
too well known to need demonstra- 
tion, and derives support from that 
intuitive kind of feeling which pro • 
ceeds directly from the evidence of 
our senses. Adopting the inclined 
plane face as a good practical one 
for wharf-walls, the rate of inclina- 
tion or batter may be determined 
from 1 in 8 to 1 in 12, that is, with 
a total divergence from the perpen- 
dicular of £ or Ta of the total height 
being from 1 to 1^ inch in a foot. 
The front of the wall, if of masonry, 
may be protected by a row of sheet- 
piling, either of timber or iron. In 
the former case, the piles are driven 
close together, and bound along the 
top with a horizontal tie or wailing 
firmly bolted to the piles. If iron 
piling is used, the piles are driven 
intervals of from three to five feet, 
and cast-iron plates fitted in between 
them, being secured within grooves 
formed in the sides of the piles. The 
Brunswick Wharf, at Blackwall, 
affords a good example of this de- 
scription of piling. The masonry of 
the wall is founded upon the piling, 
the length and closeness of the piles 
being determined with reference to 
the nature of the subsoil, and the 
whole of them are driven to a firm 
bottom and levelled on the heads, 
being strongly secured in their po- 
sition by means of longitudinal and 
transverse ties or beams, on which 
the first course of footings was built. 
The durability of these walls is 
known to depend greatly upon the 
kind of mortar or cement used in 
connecting the masonry or brick- 
work. Cements known as water- 
cements, formed with lime which 
has the property of hardening un- 
der water, should be preferred to 
all others. The thickness of the 
wall must depend upon its height 
and the nature of the materials be- 
hind it. If these are likely to press 
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severely against the wall, snch as 
clays liable to hold great quantities 
of water, etc., the thickness of the 
wall will be required to be greater 
than if gravel, or other non-reien- 
tive material, forms the backing. 
Strong ties of iron should in all 
cases be secured to the front of the 
wall, passing through it, and being 
secured by plates and keys in the 
front, and extending backward to a 
considerable distance, and secured 
to a row of piling driven into the 
solid ground. These land-ties will 
also considerably assist the wall in 
resisting the forward pressure of the 
soil behind it. Immediately at the 
back of the wall a firm body of con- 
crete, or at least well-puddled clay, 
should be introduced. Whichever 
of these is used as a backing, it 
should be consolidated as much as 
possible, and it will thus resist the 
admission of moisture behind the 
wall which is indispensable to secure 
its permanent durability. The con- 
crete should be cast in from a height 
above its intended position, and 
allowed to set before it is filled in ; 
and if clay be substituted, it should 
be thoroughly well-rammed in, and 
made as solid as possible. 

Wheal, in mining , the ancient Corn- 
ish called a mine Awe/, which has 
been corrupted into wheal. The 
word originally signified a work . 

Wheel and Axle. This machine is 
so named by reason of its consisting 
of a wheel and cylinders, having a 
common axis with pivots fixed in 
its extremities, on which the whole 
may revolve. This very simple and 
useful contrivance, although usual- 
ly designated a second mechanical 
power, requires the consideration of 
no other principles than those ad- 
duced for the lever ; it is nothing 
but a lever, having the radius of the 
wheel for one arm, and that of the 
cylinder or axle for the other, the 
fulcrum being the common centre of 
both. This machine is also termed 
the ‘Perpetual Lever;’ for since 
the power and the resistance op- 
erate respectively at the circum- 
ference of a circle revolving about an 
axis, it is obvious that the rotation 
must maintain the continuity. 

Wheels, in locomotive engines ; the 
well-known invention for obtaining 


a rolling progressive motion. They 
receive names corresponding to the 
part of the engine or tender they 
support ; as leading, trailing, etc. 
Driving wheels vary in size from 4 
feet 6 inches up to 10 feet in dia- 
meter. Leading and trailing wheels 
vary from 3 feet up to 4 feet 6 
inches in diameter. Tender wheels 
are usually about the same size as 
the leading and trailing wheels of 
the engines they are attached to. 

Wheel-cutting machine, a ma- 
chine for cutting out the teeth of 
wheels. The most perfect machines 
for shaping the teeth of wheels are 
those invented by Mr. Lewis, of 
Manchester, which are adapted for 
cutting the teeth of spur, bevel, and 
worm wheels, of either metal or 
wood. The principal working parts 
of these machines and the mode of 
action are as follows : 

Two side-frames have angular 
ridges from end to end, to fit into 
corresponding grooves in the bottom 
of a travelling frame; this frame 
can be adjusted by a screw moved 
by a hand-wheel at the back of 
the machine: at the front of the 
machine is a strong spindle, placed 
vertically, to carry the work which 
is fixed on the top of it, and at the 
lower part is a large worm-wheel 
moved by a screw, to which is con- 
nected a train of three wheels : the 
sizes of the first and third wheels 
must be such that half a revolution 
of a handle, which falls into a notch 
after each half-revolution, shall turn 
the work so that any point in the 
pitch-line of it will move through a 
distance equal to the pitch. To the 
travelling frame a slide is attached 
by bolts and joints, in such manner 
that it may be fastened to act verti- 
cally, or at an angle in the direction 
either of the length or breadth of 
the machine. The cutter, and its 
wheels for diminishing the speed and 
pulley for communicating motion to 
it, are carried by the slide. The 
cutter is a circular piece of steel 
notched like a saw, and shaped to 
fit the spaces between the teeth of 
the wheel, and is raised or lowered 
by a rack at the back of the slide, 
worked by a pinion and handle. The 
travelling frame and slide being ad- 
justed to the work, and the suitable 
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wheels arranged for turning it the 
given distance, the machine is set 
in motion and the revolving cutter 
pressed down upon the rim of the 
wheel by the handle and rack till 
the space has been cut ; the cutter is 
then raised, and by giving half a 
revolution to the handle attached to 
the worm-wheel apparatus, the spin- 
dle and work are turned so that the 
latter is in proper position for the 
cutter to act again. For a spur- 
wheel the slide acts vertically, for 
a bevel-wheel it acts at the requisite 
angle in the direction of the length, 
and for a worm-wheel at an angle in 
the direction of the breadth of the 
machine. 

Whet-slate, a massive mineral of a 
greenish-gray colour ; feebly glim- 
mering; fracture slaty or splintery; 
fragments tubular; translucent on 
the edges, and feels rather greasy. 

Whim,tn mining, a machine used for 
raising ores, etc., worked by horses, 
steam, or water. 

Whim-shaft, in mining, the shaft by 
which the stuff is drawn out of the 
mine by the horse or steam whim. 

Whispering gallery, a curvilinear 
corridor or balcony within the cu- 
pola of St. Paul’s cathedral, London, 
and in other ecclesiastical build- 
ings. 

White Argentane or Argentine 
Plate, an alloy consisting of 8 parts 
of copper, 3 parts of nickel, and 3 
parts of zinc. 

White Chalk is a well-known native 
carbonate of lime, used by the artist 
only as a crayon, or for tracing his 
designs ; for which purpose it is 
sawed into lengths suited to the 
port-crayon. White crayons and 
tracing chalks, to be good, must 
work and cut free from grit. F rom 
this material both whiting and lime 
are prepared, and are the bases of 
many common pigments and colours 
used in distempering, paper-stain- 
ing, etc. 

White Lead, carbonate of lead, a 
preparation of lead used for painting 
w ood and plastering walls white. 

Whitening is made from chalk. The 
clialk is broken into small pieces, and 
ground with excess of water in a 
washmill. The lighter parts of the 
mixture are allowed to flow over 
into a back, or reservoir, in which 


the fine powder settles ; this is taken | 
out, made into lumps and dried. 1 

Wholes, in mining, ground that has 1 
never been worked. 

Wicker-work, at an early date, was 
occasionally employed for the roof- 
ing, if not for the entire construc- 
tion, of churches. 

Wicket, a small gate or door within, 
or a part of a massive or larger 
door or gate for the passage of 
pedestrians. 

Willow wood is of many varieties : 
it is perhaps the softest and lightest 
of English woods ; it is planed into 
chips, and used for many simple 
purposes. 

Wimple, a plaited linen cloth which 
nuns wear about their necks ; also a 
flag or streamer. 

Winch or Wince, in mining, the 
wheel or axle frequently used to 
draw water, etc. in a kibble by a 
Tope. 

Winch and Axle, a machine consti- 
tuting a small windlass, and con- 
sisting of a cylinder of wood which 
is capable of turning on its axis 
between two upright posts of the 
same material, or between the ends 
of a cast-iron frame : a lever at one 
or at each extremity of the cylinder 
is attached to an iron axle passing 
through the latter at right angles 
to its direction, and is furnished 
with a handle which is parallel to 
that axle. The name winch is 
given to a lever or handle of this 
kind, and the word is supposed to 
be derived from the verb guincher , 
signifying, in old French, to turn, 
or bend in a curvilinear manner. 
The machine is used to raise a 
■weight vertically, or to draw an 
object towards it ; for which pur- 
poses the object is connected with it 
by a rope or chain which continually 
passes over the curved surface of the 
cylinder as the latter is made to 
turn on its axis by a man acting 
at the handle. Since the cylinder 
revolves once while the handle, or 
the extremity of the lever to which 
it is attached, is made to describe 
the circumference of a circle, it is 
evident that the mechanical power 
of the machine is precisely that of 
the wheel and aide. When of a 
simple form it is employed to raise 
water from a well, and earth or some 
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other material from the shaft of a 
small mine; and one of a complex 
nature is used, by means of a crane, 
to raise casks or heavy packages 
from the ground to the upper part 
of a building. 

When great weights are to be 
raised, the machine is usually fixed 
in a frame of cast iron, which is 
rectangular on the plan, but its ex- 
tremities or faces have the form of a 
triangle, or of the letter A. The 
axle of the cylinder is supported on 
a horizontal bar at the middle of 
each end of the frame, and to the 
cylinder is attached a toothed wheel 
which turns with it on the common 
axis : above this wheel, and parallel 
to the cylinder, is an iron axle which 
carries a pinion with teeth working 
in those of the wheel, and causing 
the latter to revolve, the pinion it- 
self being turned by means ot the 
lever and handle at one or at each 
extremity of the frame. A machine 
of this kind is called a crab ; and 
when a weight is to be drawn hori- 
zontally or raNed above the cylinder, 
the machine must of course be bolted 
to the floor or firmly fixed in the 
ground, in order to prevent it from 
being moved from its place. In 
such machines there is generally, 
at one extremity of the cylinder, a 
wheel having on its circumference 
teeth like those of a saw; and a 
click or catch, which turns freely 
on a pin, is attached hv that pin to 
the side of the frame in such a 
manner that it may fall between 
the teeth. By this contrivance, if 
the handle should break, or the 
moving power be taken off while 
the weight is suspended in the air, 
the latter is prevented from descend- 
ing. 

Machines of this kind are occa- 
sionally constructed, which have j 
the power of holding the weight in ; 
any part of its ascent or descent 
without a ratchet-wheel and catch. 
The only disadvantage attending 
the machine, when compared with 
an ordinary winch or capstan, is that 
it requires a much greater quan- 
tity of rope to raise or move the 
object through any given distance. 

The winch is employed in the 
common jack, which is used to lift 
great weights, or to move them 


through small distances. The 
handle turns a pinion with teeth, 
which act on others at the circum- 
ference of a small wheel ; and on 
the axle of this is a pinion with 
teeth, which work in those of a 
rack- rod. The axles of the wheel 
and pinions being let into the sides 
of a case' of wood or iron, the re- 
volution of the wheel produces a 
rectilinear motion of the rack ; and 
one end of the case being fixed to 
the ground, or against an immov- 
able object, the extremity of the 
rack at the opposite end forces for- 
ward the b ody which is to be dis- 
placed. Sometimes, instead of a 
rack, the machine is furnished with 
a wheel whose axle is hollow, and 
cut in the form of a concave screw : 
within this screw is one of the con- 
vex kind, which by the revolution 
of the wheel and its axle is made to 
move in the direction of the latter, 
and thus to press before it the ob- 
ject which is to be removed. This 
machine has, however, considerable 
friction. 

The force exerted by a man in 
turning a winch vertically, varies 
according to the position of the 
lever with respect to the horizon. 
When the lever, or that part which 
is perpendicular to the axle, is per- 
pendicular to the ground, and the 
handle is at the highest or lowest 
part of the circle described by the 
end of the lever, the man either 
pushes the handle directly from him 
or pulls it directly towards him ; and 
in each case he exerts a power which 
is estimated at 27 or 30 lbs. ; but 
when the lever is in a horizontal 
position, the man either throws a 
great poition of his weight on the 
handle to press it down, or he exerts 
his muscular force in a direct man- 
ner to pull it upwards; and the 
force exerted in these positions is 
estimated at 140 or 160 pounds. 
The force exerted must very evi- 
dently have different values between 
these quantities in other positions 
of the winch ; and the practice is 
to cause two men to work at the 
same time to turn the machine, one 
being at each extremity of the axle 
of the cylinder. The levers of the 
two winches are placed at right 
angles to one another ; consequently. 
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when one man is pushing or pulling 
horizontally, the other is pressing 
or pulling vertically, and thus the 
operation of turning goes on with 
nearly uniform intensity; the first 
man working in the least favourable 
position when the other is working 
in that which is most so. 


■Wind. Greatest observed velocity, 
159 feet per second (Rochon) ; force 
of wind with that velocity about 
57§ lbs. on a square foot. 

The following table gives more 
detail of the movement of the aerial 
currents : 


Table of Velocity and Force of Wind. 


! Miles an 
j hour. 

Feet per second. 

Force in pounds 
per square foot. 


i 

1-47 

0-005 

A hardly perceptible wind. 

5 

7*33 

0-123 

A pleasant Tvind. 

10 

14-67 

0-492 

Brisk gale. 

20 

29-34 

1-968 

Very brisk. 

30 

44-01 

4-429 


50 

73-35 

12-300 

Very high wind. 

CO 

88-02 

17-71 

Storm. 

75 

110-00 

27-70 

Hurricane. 

100 

146-66 

50-00 

Tornado. 


Wind-beam, in ancient carpentry , 
a cross-beam used in the principals 
of many ancient roofs, occupying 
the situation of the collar in modern 
king-post roofs. 

Winding, in ships, twisting on an 
uneven surface. 

Winding engines, in mining. In 
winding engines for drawing coals 
from a pit, where a given number of 
6trokcsare required in drawing a corf, 
the diameter of the iir*t roll at the 
first lift must be ascertained. In this 
case the engine is supposed to have 
flat ropes, such as are generally 
used, and which lie upon each other. 
To find the diameter of a rope-roll 
at the first lift, it is necessary to 
know the depth of the pit, the thick- 
ness of the rope, and the number of 
strokes which the engine is intended 
to make in drawing up a corf or 
curves ; then, the thickness of the 
rope being known and the number 
of strokes, the thickness of the ropes 
upon the roll can be determined, let 
the diameter of the roll be what it 
may. Suppose the thickness of the 
rope to be 1 inch, and the number of 
strokes 10 ; then the radius of the 
roll is increased 10 inches, or the 
diameter is increased 20 inches, 
whatever the diameter may be. 

Windlass in mechanics , a machine 
by which a rope or lace is wrapped 
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round a cylinder : in navigation, a 
horizontal machine of strong timber, 
used in merchant ships for heaving 
up the anchor, instead of a capstan. 

Wind-mill, a mill which derives its 
motive power from the impulse of 
the wind. The building containing 
the mill-work is usually lofty, and 
placed on elevated ground. The 
machinery consists of a shaft, upon 
one extremity of which arms radiate 
at right angles, similarly to the 
spokes of a wheel : upon these, vanes 
or sails are set at a small angle 
(about 22°). By this means the 
wind, blowing directly upon the 
area occupied by the vanes, acts 
obliquely npon the whole of them, 
causing them all to move in a direc- 
tion transversely to that of the wind. 
Suitable means are provided for 
bringing the sails into a position to 
confront the current of the wind. 
The motion of the sails is transferred 
by gearing to any machinery re- 
quired to be driven, which is most 
commonly mills for grinding corn. 
Wind-mills were formerly exten- 
sively employed, in Holland, to give 
motion to pumps for the drainage of 
land. The power of the wind is 
uncertain and variable in its inten- 
sity, and its application as a prime 
mover for mechanical purposes is 
cousequently limited. 
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Alcoholic Strength of Wines , by Dr. Christison. 



Percentage of 

Percentage of 


absolute alcohol 

proof spirit 


by weight hi the 

by 


wme. 

volume. 

Port, weakest . ... 

14-97 

3056 

mean of 7 wines . , , 

16-20 

oo'Ul 

strongest 

17-10 

87-27 

White Port 

14-97 

31-31 

Sherry, weakest 

13-98 

30-84 

mean of 13 wines, excluding 4 



those very long kept in J- 
cask . . . . j 

15-37 

33"59 

Sherry, strongest 

16-17 

35-12 

mean of 9 wines, very long"! 



kept in cask in the Ea&t S- 
Indics . . . . J 

14-72 

32-39 

Mad re de Xeres .... 

10-90 

37-06 

Madeira f P 11 * on P } strongest . . 

fin cask] weakest 

16-90 

14-09 

36-81 

30-80 

Teneriffe, long in cask at Calcutta . 

13-84 

30-21 

Cercial 

15-45 

83-65 

Dry Lisbon ...... 

Chiraz 

16-14 

34-71 

12-95 

28-30 

Amontillado 

12-03 

27-60 

Claret, a 1st growth of 1811 . 

Chateau Latour, 1st growth, 1625 . 
Kosan, 2nd growth, 1825 

Ordinary Claret, a superior ‘ Vin ordi- \ 

7-72 

7-78 

7- 61 

8- 9 

16- 95 

17- 06 
16-74 

18- 96 

naire’ } 

Rives Altes 

-31 

22-35 

Malmsev 

12-86 

28-37 

Rudesheimer, superior quality 


18-44 

Rudesheimer, interior quality . 

6-90 

15-19 

Hambaeher, superior quality . 

7-35 

16-15 

Giles’ Edinburgh Ale, before bottling . 

5-70 

12-60 

Same Ale, two vears in bottle 

86-06 

13-40 

Superior London Porter, 4 mo. in bottle . 

5"30 

11-91 


Comparative Strength of Exciting Liquids. 

Dr. Bence Jones states that the different fermented liquids which he haS 
examined might, in regard to their strength, or stimulating power, be arranged 
thus : — 


Cider , , 

. 100 

Moselle 

158 

Champagne 

241 

Sherry . 

. 358 

Porter . 

. 109 

Claret . . 

106 

Madeira . 

325 

Geneva . 

. 811 

Stout . . 

. 133 

Burgundy . 

191 

Marsala . 

311 

Brandy . 

. 986 

Ale . . 

. 141 

Hock . . 

191 

Port . . . 

358 

Rum . . 

. 1243 


Thus, ten glasses of cider or porter, six glasses of claret, five glasses of Bur- 
gundy, four glasses of Champagne, three glasses of port, sherry, or Marsala, are 
equivalent to one glass of brandy. 
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kinds of wood, is but slight, as the 
following analytical Table shows : — 


Sugar Maple 
Oak 

Poplar, black 
Pine 


Carbon 

Hydro- 

Oxygen 


gen 


52-65 

5*25 

42-10 

49- -13 

G*07 

44-50 

49-70 

6*81 

43 99 

50-11 

6*31 

43*58 


Wood is generally bought by 
admeasurement, and its specific 
gravity is directly in proportion to 
its amount of carbon, hydrogen, and 
oxygen. The following Table shows 
the specific gravity of wood. Water 
= 1000 : — 


Green. Air-dried. 

1-0754 

0-7075 

1-0494 

0-6777 

0-9859 

0-4873 

0-9822 

0-5907 

0-9036 

0-6440 

0-9012 

0-6274 

0-9121 

0-5502 

0-8699 

0-4716 

» 

1-2260 

» 

1-3420 

the art 

of re- 


Oak, white 
Oak, red . 
Poplar . . 
Beech . . 
Sugar Maple 
Birch . . 

Pine, red . 

Pine, white 
Ebony . . 
Guaiac (lignum ) 
vitae) . . .J 


producing designs on paper by cut- 
ting them on wood; the portion 
which is to be represented light is 
cut away, leaving the dark portions 
in relief (this is the reverse of steel- 
engraving), and from the picture 
thus produced can be printed copies 
on paper. 

Woodlock, a block of wood nailed 
on each side of a ship’s rudder to 
prevent it from being lifted off its 
hinges and unshipped. 

Woold, in naval language , to streng- 
then a made or a started spar, by 
winding tarred rope tightly round 
it at the weak or suspected place. 

Woolf's engine, a steam-engine so 
called from its inventor’s name, 
with two combined cylinders of dif- 
ferent diameter, the eduction pas- 
sage of the smaller cylinder com- 
municating with the steam passages 
of ^ the other ; high-pressure steam 
being used in the small cylinder, I 
and made to act expansively in the 
large one, the steam being after- 
wards condensed in the usual man- 
ner. By this arrangement steam is 
economised, and a considerable sav- 
ing of fuel is effected. 
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Work, in mining , ores before they are 

cleaned and dressed. The motion 

of a machine. It may be as in a 
crane or a pump to lift a body up- 
wards against the force of gravity ; 
or it may be to effect the propulsion 
of a mass upon a level or an in- 
clined surface. It is measured by 
multiplying the motion which the 
machine produces into the resistance 
or force which it overcomes. 

In architecture , a building in 
the process of construction. 

Work, union of new and old 
work. — In attaching any new work 
to a building, every allowance 
must be made for the sinking of 
the footings under pressure, and 
for the settlement of the ma- 
sonry into itself. Thus, while it is 
necessary that a vertical groove, or 
indent, be made in the old work, to 
receive a corresponding piece of the 
new, it is still more essential that a 
freedom for the downward motion of 
the latter should be secured ; other- 
wise, if it be tightly toothed and 
bonded into the old work, the result 
illustrated in the annexed sketch 
may be anticipated. 



Working big, in mining , signified 
sufficiently large for a man to work, 
in. 

Working drawings consist of plans, 
elevations, sections, and details in 
full, of the whole, and of all the 
parts of an edifice, to as large a 
scale as may be found convenient : 
generally made in outline except- 
ing the sectional parts, which are 
mostly shadowed, in order to make 
them more obvious to the workman. 
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for whose use these drawings are 
made. 

Work- wheel, a wheel having teeth 
formed to fit into the spiral spaces 
of a screw, so that the wheel may 
he turned by a screw. 

Wrangler. The student who shall 
attain the highest honour in the 
public university examinations for 
the degree of bachelor of arts is so 
called. 

Wreath, in heraldry , that which is 
between the mantle and the crest, 
called also a torce; also a boar’s 
tail, so termed among hunters. 

Writers to the Signet, a society of 
lawyers in Scotland, equivalent to 
the highest attorneys in England. 

Wrought Iron. The chemical differ- 
ence between cast iron and wrought 
iron consists principally in the de- 
gree in which foreign matters are 
present in each ; which is in larger 
amount in the former than in the 
latter. This rule is applicable only 
to a given cast iron, and to the 
wrought or bar iron which is made 
from it. There are many cases in 
which wrought iron contains a 
larger amount of impurities than 
cast iron, and still continues mal- 
leable; while cast iron of the same 
composition may be very hard and 
brittle. Berzelius detected 18 per 
cent, of silex in a certain kind of bar 
iron, which was still malleable and 
useful. One-tenth of that amount 
of silex will make cast-iron brittle. 
The foreign matters generally com- 
bined with pig iron are, carbon, 
silicon, silex, sulphur, phosphorus, 
arsenic, zinc, manganese, titanium, 
chrome, aluminium, magnesium, and 
calcium. Each of these tends to 
make iron brittle ; therefore, in eon- 
veitiDg cast into wrought iron, it is 
necessary, as far as possible, to re- 
move them. 

The main difference between pig 
and wrought iron consists in their 
mechanical structure, or aggregate 
form. Pig iron is a homogeneous 
mixture of impurities and metal. 
Wrought or bar iron is a mixture 
of iron more or less pure with a mass 
of homogeneous impurities, or cinder, 
the latter filling the crevices between 
the crystals of the iron. Iron being 
fusible in proportion to the carbon it 
contains, if pig iron is melted, and 


the cinder surrounding it exposed to 
the atmosphere, the carbon will be 
volatilised in the form of carbonic 
acid, and iron of greater or less 
purity will remain. To keep this 
iron liquid, a higher temperature is 
required : unless the temperature is 
raised, it will crystallise. In this 
state of metamorphosis its infusi- 
bility will increase, and after the 
expulsion of the carbon, it will con- 
tract into a solid mass in opposition 
to the highest possible heat. By 
stirring and mixing the pasty iron, 
small crystals are formed ; at first, 
on account of the partial fusion of 
the iron, in small particles; but, as 
the fusibility diminishes, these parti- 
cles unite by the force of cohesion; 
and the bodies thus formed may, by 
exposure to a higher heat, be welded 
together. The mixing of cinder and 
iron will prevent the latter from 
forming large crystals: this result, 
of course, will be more easily pre- 
vented by diligent than by tardy 
manipulation. Where the pig iron 
is of such a nature as to keep liquid 
while the work goes on slowly, still 
better results will be obtained. This 
process is analogous to that of salt- 
boiling, in which, by stirring the 
brine, the formation of large crystals 
is prevented. If the crystals of iron 
thus formed cohere, they produce, 
under the influence of motion, a 
porous, spongy mass, whose crevices 
are, if not filled, at least coated, with 
cinder. If these masses, which are 
the loups or balls at the puddling 
furnaces, are shingled or squeezed, 
the crystals of iron will not unite, 
but form coated cells with a film of 
cinder, of greater or less thickness, 
according to the fusibility of the 
cinder. Iron in a connected form 
and cinder in separate cells, are thus 
blended in one homogeneous mass. 
The more this iron is stretched, the 
more it forms fibres. Fibrous bar 
iron resembles hickory wood, in 
being a combination of fibres and 
spaces. In bar iron, these spaces are 
filled with cinder. When other cir- 
cumstances are equal, the strength of 
the iron will be proportional to the 
fineness of the fibres. That portion 
of the iron which is not melted, which 
crystallises too fast, or whose pre- 
mature crystallisation cannot be 
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prevented, is in the condition of cast 
metal, and cannot be converted into 
fibrous wrought iron. In the pud- 
dling furnace it is necessary to pre- 
vent crystallisation by * manual 
labour. 

If the characteristic between 
wrought and pig iron consists only 
in a well-regulated mechanical mix- 
ture of cinder and iron, fibrous iron 
should be producible from any cast- 
iron, whether purified or not : this 
is actually the case. Very fibrous 
bar iron, which is strong and mal- 
leable, is made from very inferior 
cast metal, from which no* impurity 
has been removed. At Hyanges, in 
France, very inferior metal is con- 
verted, by a cheap and skilful pud- 
dling process, into a very fibrous 
bar iron, of great strength and 
ductility. But this iron is puddled 
and re-heated at the lowest possi- 
ble heat; it is then rolled, and is 
ready for the market. For hoops, 
rails, and nails, it is a very useful 
article, but it is of no use to the 
blacksmith. Heated to any tem- 
perature above that of the puddling 
and re-heating furnaces, it returns 
to its primitive state, in which con- 
dition it becomes worse than the 
cast-iron from which it was origi- 
nally made. None but a very skil- 
ful blacksmith can weld it ; for, 
when slightly reheated, it falls to 
coarse sandy pieces, or melts like pig 
iron. That which thus loses its 
fibrous texture in heating, the smith 
calls ‘burnt iron.’ 

The philosophy of the improve- 
ment of metal consists in the cir- 
cumstance that a part of its impu- 
rities which are originally in che- 
mical combination, are converted 
into mechanical admixtures. Iron, 
containing a small amount of car- 
bon, silicon, or phosphorus, is al- 
ways more hard and strong than 
pure iron. Pure iron is quite soft. 
Impure iron has the property of 
crystallising, or being suddenly 
cooled: the size of these crystal's 
is proportional to the amount of 
carbon in chemical combination 
with the iron, in proportion to 
other matter. Between the crys- 
tals minute spaces are left, which 
serve for the absorption of oxygen. 
By this means, silicon and calcium 
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may be oxidised, but not carbon! 
phosphorus, and sulphur. The ine-4 
tal improves in quality in proportion! 
as oxygen finds access to its impu- 
rities. 

The absolute cohesion or strength 
of wrought- iron is not dependent 
upon the degree of purity of the 
metal, but upon a given mixture of 
cinder and iron. Pure iron, which 
is always soft, may be required for 
various purposes, as in the manu- 
facture of cast steel ; but, in most 
cases, an impure but fibrous iron is 
preferable. In making wrought 
iron, the main difficulty consists, 
not in producing fibres in the first 
stages of the operation — for this 
may be accomplished by almost 
every experienced manufacturer — 
but in retaining these fibres through 
every subsequent stage of the ope- 
ration. 

Wrought iron of good quality is 
silvery white and fibrous; carbon 
imparts to it a bluish, and often a 
gray colour : sulphur, a dark, dead 
colour, without a tinge of blue ; 
silicon, phosphorus, and carbon, a 
bright colour, which is the more 
beautiful the more the first two 
elements preponderate. The lustre 
of iron does not depend principally 
upon its colour ; for pure iron, al- 
though silvery white, reflects but 
little light. A small quantity of 
carbon in chemical combination, 
phosphorus, or silicon, increases its 
brilliancy. Its lustre is diminished 
by silex, carbon in mechanical ad- 
mixture, cinder, lime, sulphur, or 
magnesia. Good iron should ap- 
pear fresh, somewhat reflex in its 
fibres, and silky. A dead colour 
indicates a weak iron, even though, 
it is perfectly white. Dark but 
very lustrous iron is always supe- 
rior to that which has a bright co- 
lour and feeble lustre. Coarse fibre" 
indicate a strong, but if the iron 
dark, an inferior article. Wber 
the iron is of a white, bright c~ 
lour, they indicate an article 
superior quality for sheet iron an 
boiler-plate, though too soft f 
railroad iron. For the latter pu 
pose, a coarse, fibrous, slightl 
bluish iron is required. Iron 
short fibres is too pure; it is gene 1 , 
rally hot-short, and, when cold* not 
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strong. This kind of iron is apt to 
result from the application of an 
excess of lime : its weakness is the 
result of the absence of all impuri- 
ties. The best qualities of bar iron 
always contain a small amount of 
impurity. Steel ceases to be hard 
and strong, when deprived of the 
small amount of silicon it contains, 
or if the silicon is oxidised by re- 
peated heating. This is the case 
with bar iron. If deprived of all 
foreign admixture, it ceases to be 
a strong, tenacious, and beautiful 
iron, but becomes a pale, soft me- 
tal, of feeble strength and lustre. 
Good bar or wrought iron is always 
fibrous: it loses its fibres neither 
by heat nor by cold. Time may 
change its aggregate form ; but its 
fibrous quality should always be 
considered the guarantee of its 
strength. Iron of good quality will 
bear cold hammering to any ex- 
tent. A bar an inch square, which 
cannot be hammered down to a 
quarter of an inch, on a cold anvil, 
without showing any traces of 
splitting, is an inferior iron. 

Wrought Stone-work. In put- 
ting wrought stone-work together, 
iron is to be avoided as the cer- 
tain cause of its subsequent destruc- 
tion. The stone cornices, archi- 
traves, and dressings of many a 
noble mansion have been brought 
into premature ruin by the contrac- 
tion and expansion of iron under the 
effects of cold and heat. But there 
are careless contractors who will 
allow their Corinthian capitals and 
fluted shafts to be ruined, even before 
the entablature surmounts them; 
and the young architect will not, 
therefore, omit to insert a clause in 
his specification (and to be peremp- 
tory in its enforcement), that all cut 
stone-work be securely preserved, 
during the progress of the building, 
with wood casing. It is surprising 
how grossly indifferent each class of 
artificers is to the work of the others. 
It is still more surprising to observe 
how frequently they seem indifferent 
to the preservation of their own. 
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Xanthein, the yellow colouring mat- 
ter of flowers. 

Xebec, in navigation , a small three- 
masted vessel, without a bowsprit, 
principally used in the Mediter- 
ranean. 

Xenia, a name given to pictures re- 
presenting still life. 

Xenodochium, a room in a monas- 
tery for the reception and entertain- 
ment of strangers, pilgrims, and the 
relief of paupers. 

Xeringue, a South American name 
for caoutchouc yielding siphonia and 
micrandra. 

XP. I., the initials of the Greek 
names of Christ; a monogram, re- 
presented in paintings and mosaics 
by the Greek Christians. 

Xylite, an arbestiform mineral from 
the Ural. 

Xylochlore, a mineral closely resem- 
bling apopliyllite and found in olive- 
green crystals in Iceland. 

Xylodine, a name given to a kind of 
collodion prepared from wood. 

Xylography, the art of engraving on 
wood. 

Xylotype, a process for obtainiag 
drawings on wood, not now used. 

Xyst or Xystos, in ancient architec- 
ture , an open or sometimes covered 
court of great length in proportion to 
its width with porticoes on three 
sides, used for the exercises of wrest- 
ling, running, &c. 


Y 


Yaeca Wood. The wood is sent from 
Jamaica, and is of a pale brown co- 
lour. It is used for cabinet and mar- 
quetry work. 

Yacht, in navigation, a small ship for 
carrying passengers; a pleasure ship 
Yard, a court enclosed by walls and 
other buildings ; also a measure 
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of 3 feet ; a yard or yerd was an- 
ciently a spar or rafter in a timber 
roof. 

Yardland, a certain quantity of land 
called, in Saxon, gyrdlander ; in 
Latin, virgata terrse : in some places 
it is 20 acres of land, in others 24 or 
30 . 

Yeast, the product of the fermenta- 
tion of beer, consisting of accumu- 
lated granules of the growth, which 
is regarded as the cause of fermenta- 
tion. German Yeast is a dried 
variety. 

Yellow is the first of the primary or 
simple colours, nearest in relation 
to and partaking most of the nature 
of the neutral white: it is accord- 
ingly a most advancing colour, of 
great power in reflecting light. Com- 
pounded with the primary red, it 
constitutes the secondary orange 
and its relatives, scarlet, etc., and 
other warm colours. 

Yellow Lake. There are several pig- 
ments of this denomination, vary- 
ing in colour and appearance, ac- 
cording to the colouring substances 
used and modes of preparation. 
They are usually in the form of 
drops, and their colours are, in 
general, bright yellow, very trans- 
parent, and not liable to change in 
an impure atmosphere, — qualities 
which would render them very 
valuable pigments, were they not 
soon discoloured and even de- 
stroyed by the opposite influence 
of oxygen and light, both in water 
and oil, in which latter vehicle, 
like other lakes in general, they 
are bad dryers, and do not stand 
the action of white lead or other 
metallic colours. If used, there- 
fore, it should be as simple as 
possible. 

Yellow Ochre, called also Mineral 
Yellow , is a native pigment, found 
in most countries, and abundantly 
in our Own. It varies considerably 
in constitution and colour, in which 
latter particular it is found from a 
bright but not very vivid yellow to 
a brown yellow, called spruce ochre, 
and is always of a warm cast. Its 
natural variety is much increased 
by artificial dressing and compound- 
ing. 

Yellow Orpiment, or Yellow Ar- 
senic, is a sulphurate oxide of ar- 
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senic, of a beautiful, bright, and pure 
yellow colour, not extremely dura- 
ble in water, and less so in oil. In 
tint with white lead, it is soon de- 
stroyed. It is not subject to dis- 
coloration in impure air. 

Yew. The yew-tree is common in 
Spain, Italy, and England, and is 
indigenous to Nottinghamshire. 
The tree is not large, and the wood 
is of a pale yellowish-red colour, 
handsomely striped, and often dotted 
like amboyna. It has been long 
famed for the construction of bows, 
and is still so employed. The English 
species is a hard, tough, and durable 
wood, and lives to a great age. It is 
also used for the making of chairs, 
the handles of articles of furniture, 
etc. 

Yttria, a rare earth; an oxide ol 
the metal yttrium. 

Yttrium, one of the very rare metals. 
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Zante, or Young Fustic, comes from 
the Mediterranean, and is a species 
of sumach. It is golden yellow in 
colour, and is only used for dyeing. 

ZafJiro, ultramarine, lapis-lazuli. 

Zaffire, a pigment resembling smalt 
in colour ; it is an impure oxide of 
cobalt. 

Zebra Wood is the produce of the 
Brazils and Rio Janeiro ; it is sent 
in logs and planks as large as 24 
inches. The colour is orange-brown 
and dark-brown variously mixed. 
Its beautiful appearance fits it for 
cabinet-work and turnery. 

Zero, the commencement of a scale 
marked 0, or nothing. It usually 
denotes the point from which the 
scale of a thermometer is graduated. 

Zeta, presumed to be a room over 
the porch of a Christian church. 

Zigzag, a moulding by lines arranged 
in the manner of the heraldic 
chevron. Zigzag is found fre- 
quently used in Norman and An- 
glo-Norman architecture. Very 
many beautiful specimens of this 
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of Ores at Great Depths or in New 
Districts. IV. Improvement and 
Economy in Working British Mines. 
V. General Summary and Conclu- 
sion— Appendix— Glossary of Terms. 


“ A sound, business-like collection of facts. The amount of information Mr. 
Hunt has brought together is enormous. The volume appears likely to convey 
more instruction upon the subject than any work yet published .” — Mining Journal. 

“ The volume is massive and exhaustive. Its contents are invaluable and will 
doubtless be studied by mining and commercial readers with the fall attention 
which they deserve.”— Colliery Guardian. 

“Probably no one in this country was better qualified than Mr. Hunt for 
undertaking such a work. . . . The book is, in feet, a treasure-house of 
statistical information on mining subjects, and we know of no other work 
embodying so great a mass of matter of this kind. . . . Indispensable in the 
library of everyone interested in the development of tbe mining and metallurgical 
industries . At ht nceum. 


A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S. "With Wood Engravings. 
Fourth Edition, revised. Crown 8vo. 12s. 6d., cloth. 

“ Without question, the most exhaustive and the most practically useful work 
we have seen : the amount of information given is enormous, and it is given 
concisely and intelligibly .” — Mining Journal. 
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A TREATISE ON EARTHY and OTHER MINERALS 
AX’D MINING. By D. C. Davies, P.G.S. With 76 Wood 
Engravings. Second Edition. Crown 8vo. 12s. 6d. cloth. 

« It is essentially a practical work, intended primarily for the use of practical 
men. . . . We do not remember to have met with any English work on 

mining matters that contains the same amount of information packed in equally 
convenient form.” — Academy . 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. 
Third Edition, revised. Illustrated. 12mo. 3s. 6d. cloth. 

“A useful and practical handbook on an important industry, with all the 
conditions and details of which the author appears familiar.” — Engineering. 

THE METALLURGY OF GOLD : A Practical Treatise on 

the Metallurgical Treatment of Gold-Bearing Ores, including the 
processes of Concentration and Chlorination, and the Assaying, 
Melting, and Refining of Gold. By M. Eissler, M.E. With 
132 Illustrations. Second Edition, revised. Crown 8vo, 9s. cloth. 
“The whole process of gold milling, from the breaking of the quartz to the 
assay of the bullion, is described in clear and orderly narrative.” — Saturday Review. 

THE METALLURGY OF SILVER : A Practical Treatise 
on the Amalgamation, Boasting, and Lixiviation of Silver Ores, 
including the Assaying, Melting, and Refining of Silver Bullion. 
By M. Eissler, M.E. Crown 8vo, 10s. 6d., cloth. 

“ From first to last the book is thoroughly sound and reliable.”— 

Colliery Guardian . 

A HANDBOOK ON MODERN EXPLOSIVES : A Practical 

Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerinen, and other Explosive Compounds. By 
M. Eissler, Mining Engineer, Author of “ The Metallurgy of 
Gold,” &c. With about 100 Illustrations. Crown 8vo, 10s. 6d.cloth. 
“ "Written in a systematic manner, with good knowledge of the literature and 
data of the subject.” — Saturday Review. 

THE PROSPECTOR’S HANDBOOK: A Guide for the 

Prospector and Traveller in search of Metal Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), 
F.R.G.S. Fifth Edition. Crown 8vo, 3s. 6d. cloth. 

“ The author has placed his instructions before his readers in the pla n est 
possible terms, and his book is the best of its kind.” — Engineer. 

NOTES AND FORMULAE FOR MINING STUDENTS. 

By John Herman Merivale, M.A,, Professor of Mining in the 
Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, revised. Small Crown 8vo, 2s. Cd. cloth. 

“ The Author has done his work in an exceedingly creditable manner, and has 
produced a book that will be of service to students, and those who are practically 
engaged in mining operations.”— Engineer. 

MINE DRAINAGE ; a Complete and Practical Treatise on 
Direct- Acting Underground Steam Pumping Machinery. By 
S. Michell. 8 vo, 15s. cloth. 

1 It is a most valuable work, and stands almost alone in the literature of 
steam pumping machinery.”— Colliery Guardian. 
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THE BLOWPIPE IN CHEMISTRY, MINERALOGY, 

AND GEOLOGY. Containing all known methods of Anhydrous 
Analysis, many Working Examples, and Instructions for making 
Apparatus. By Lieut. -Colonel W. A. Ross, R. A., F.G.S. With 
120 Illustrations. Second Edition, revised and enlarged. Crown 
8vo, os. cloth. 

! “To students of chemical and mineralogical analysis the volume is indis- 
pensable, adequate, and invaluable.’* — Colliery Guardian. 

THE COAL AND IRON INDUSTRIES OF THE 
UNITED KINGDOM. With Maps of the Coal Fields and 
Ironstone Deposits. By Richard Meade. 8vo, £1 8s. cloth. 
Must find a place on the shelves of all interested in coal and iron produc- 
tion, and in the iron, steel, and other metallurgical industries.”— Engineer. 

COAL AND COAL MINING. By the late Sir Warrington 
W. Smyth, M.A., F.R.S., &c., Chief Inspector of tho Mines of 
the Crown. Seventh Edition, revised and enlarged. 12mo, 4s. 
cloth. 

“ Professor Smyth’s treatise should be in the hands of every mining student 
and engineer ; there is scarcely an elementary work within our knowledge that 
could be so ill spared from the student’s library.”— Colliery Guardian. 

PRACTICAL TUNNELLING. By F. W. Simms, M.I.C.E. 

Third Edition, revised and extended, with additional chapters 
illustrating recent practice, as exemplified by the St. Gothard, 
Mont Cenis, and other Modern Works. By D. Kinnear Clark, 
M.I.C.E. Imp. 8vo, with 21 Plates and numerous Wood En- 
gravings, 30s. cloth. 

“ Mr. Clark has added immensely to the value of the book, not only by intro- 
ducing modifications of arrangement, but by the important additions which be has 
made to it— additions which quite double the size of the original volume . ’ 1 — Engineer 

A TREATISE ON THE METALLURGY OF IRON : 

containing Outlines of the History of Iron Manufacture, Methods 
of Assay and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Sixth Edition, 
revised and enlarged. 12mo, as. 6d. cloth. 

“ The new edition brings the record down to the latest date, and is of sound 
practical value.” — Mining Journal. 

THE MINERAL SURVEYOR AND VALUER’S COM- 
PLETE GUIDE. By W. Lintebx. Third Edition, including 
Magnetic and Angular Surveying. With four Plates. 12mo, 
3s. 6d. cloth. 

“ The hook contains much valuable information, and, as far as we have tested 
it, is thoroughly trustworthy.”— Mining Journal. 

THE WORKS’ MANAGER’S HANDBOOK OF MODERN 
RULES, TABLES, and DATA for Engineers, Millwrights, 
Machinists, Boiler and Tool Makers, Founders, &c. By W. S. 
Hutton, C.E. Fourth Edition, Revised and partly Re-written. 
Medium 8vo. 424 pages, with 150 Illustrai ions, 15s. cloth. 

“ This work contains a great deal of that kind of information which is gained 
only by practical experience.** — /engineer. 
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THE PRACTICAL ENGINEER’S HANDBOOK : A 

Treatise on Modern Engines and Boilers. By W. 8. Hutton, 
C.E. Third Edition, Revised, with Additions. Medium 8vo, 
nearly 500 pages, with upwards of 370 Illustrations, 18s. cloth. 
Hr. Hutton has succeeded completely in his object. The book is one of the 
most useful of its kind published.”— Engineer. 

THE ELECTRICAL ENGINEER’S POCKET BOOK OF 
MODERN RULES, FORMULAE, TABLES, AND DATA. 
By H. R. Kempe, M. Inst. E.E., A.M. Inst. O.E., Technical 
Officer, Postal Telegraphs. Royal 32mo, oblong, 53. leather. 

“ It is the best book of its kind.” — Electrical Engineer. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers. By J. \V. Urquhart, Author of “Electric 
Light,” &c. Crown 8vo, os. cloth. 

“ A really capital book, which we recommend to the notice of working 
electricians.” — Mechanical World. 

ELECTRIC LIGHT : Its Production and Use. By J. W. 
U rquhart, C.E. Fourth Edition, Revised, with Additions, 420 
pages, with 157 Illustrations. Crown 8vo, 7s. 6d. cloth. 

“ The whole ground of electric lighting is more or less covered, and explained 
in a very clear and concise manner.”— Electrical Review. 

THE STUDENTS’ TEXT-BOOK OF ELECTRICITY. 

By Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised, 
by W. H. Preece, M.I.C.E. Crown 8vo, 12s. 6d. cloth. 

*• An admirable text-hook for every student— beginner or advanced— of 
electricity.” — Engineering. 

STATIONARY ENGINE DRIVING. A Practical Manual 

for Engineers in charge of Stationary Engines. By Michael 
Reynolds. Third Edition, Revised and Enlarged. With Plates 
and Woodcuts. Crown 8vo, 4s. 6d. cloth. 

“ Our author leaves no stone unturned. He is determined that his readers 
shall not only know something about the stationary engine, but all about it.” — 
Engineer. 

GRAPHIC AND ANALYTIC STATICS. In their Practi- 
cal Application to the Treatment of Stresses in Roofs, Girders, 
Bridges, Arches, Piers, and other Frameworks. By R. Hudson 
Graham, C.E. With' numerous Examples, many taken from 
existing structures. Second Edition, 8vo, 16s. cloth. 

“Hr. Graham’s book will find a place wherever graphic and analytic statics 
are used or studied.” — Engineer. 

“This exhaustive treatise is admirably adapted for the architect and engineer, 
and will tend to wean the profession from a tedious and laboured mode of calcula- 
tion. To prove the accuracy of the graphical demonstrations, the author com- 
pares them with the analytic formulae given by Rankine.”— Bu.il ling Sties. 

A HANDY-BOOK FOR THE CALCULATION OF 
STRAINS IN GIRDERS AND SIMILAR STRUCTURES, 
AND THEIR STRENGTH; consisting of Formulae and Corre- 
sponding Diagrams, and numerous Details for Practical Applica- 
tion, &c. By W. Humber, C.E. 7s. 6d. cloth. 

11 The formula.- are neatly expressed and the diagrams good.” — Athenaeum. 
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THE WORKMAN’S MANUAL OF ENGINEERING 

DRAWING. By John Maxtox. Fifth Edition. With nearly 
3 jO Woodcuts and 7 Plates. 12mo, 4s. cloth. 

“ A copy of it should be kept for reference in every drawing-office.”— 

Engineering. 

ATT) TO SURVEY PRACTICE : for Reference in Survey- 
ing, Levelling, Setting- out, and in Route Surveys of Travellers 
by Land and Sea. With Tables, Illustrations, and Records. By 
Lowis D’A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 
Large Crown 8vo, 12s. 6d. cloth. 

“ Mr. Jackson has had much and varied experience in field work and some 
knowledge of boo km aking, and he has utilised both these acquirements with a very 
useful result. The volume covers the ground it occupies very thoroughly.” — 
Engineering. 

HYDRAULIC MANUAL. Consisting of Working Tables 
and Explanatory Text. Intended as a Guide in Hydraulic Calcu- 
lations and Field Operations. By Lowis D’A. Jackson. Fourth. 
Edition. Re-written and Enlarged. Large Crown 8vo, 16s. cloth. 
“ We can heartily recommend this volume to all who desire to be acquainted 
with the latest development of this important subject.”— Engineering. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. AVith an Appendix con- 
taining a proposed English System. By Lowrs D'A. Jackson, 
A.M. Inst. C.E. Large Crown Svo. 12s. 6d. cloth. 

“ For exhaustive tables of equivalent weights and measures of all sorts, and 
for clear demonstrations of the effects of the various systems that have been pro- 
posed or .adopted, Mr. Jackson’s treatise is without a rival.” — Academy. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. l’owis Bale, M.I.M.E. Crown Svo, 12s. 6d. 
cloth. 

“3Ir. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the 
conversion of timber.” — Architect. 

SAW MILLS, THEIR ARRANGEMENT AND MAN- 
AGEMENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER (Being a Companion Volume to “ Woodworking 
Machinery.* ) By M. Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown Svo, 10s. 6d. cloth. 

“ We could not desire a more complete or practical treatise.” — Builder. 

PUMPS AND PUMPING: A Handbook FOR Pump 

Users, being Motes on Selection, Construction, and Management. 
By M. Powis Bale, A.M.I.C.E., Author of “Wood-working 
Machinery,” &<•. Crown Svo, 2-. 6d. cloth. 

“ Thoroughly practical au'd simnly and clearly written.” — Glasgow Herald. 

STEAM AND MACHINERY MANAGEMENT : a Guide 

to the Arrangement and Economical Management of Machinery. 
AVith Hints on Construction and Selection. By M. Powis Bake, 
M. Inst. M.E., A.M. Inst. C.E. 12mo, 3s. cloth. 
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Works in Physical and Chemical Science , etc. 
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I 

A MANUAL OF THE ALKALI TRADE, including the | 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching £ 
Powder. By John Lomas, Alkali Manufacturer. With 232 
Illustrations and Working Drawings, and containing 386 pages 
of text. Second Edition, Super Royal 8vo, £1 10s. cloth. 

“ The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language.” — Engineer. 

“ The book is written by a manufacturer for manufacturers. Every step in the 
manufacture is very fullv described in this manual, and each improvement ex- 
plained. Everything which tends to introduce economy into the technical detaoJs 
of this trade receives the fullest attention.” — Athenceum. 


THE COMMERCIAL HANDBOOK OF CHEMICAL 

ANALYSIS ; or Practical Instructions for the determination of 
the Intrinsic or Commercial Value of Substances used in Manu- 
factures, in Trades, and in the Arts. By A. Normandy. New 
Edition, enlarged, and to a great extent re-written, by Henry M. 
Noad, Ph.D., F.R.S. Crown 8vo. 12s. 6d. cloth. 

“ Essential to the analysts appointed under the new Act. The most recent 
results are given, and the work is well edited and carefully written.” — Nature. 

THE MANUAL OF COLOURS AND DYE-WARES ; 

their Properties, Applications, Valuation, Impurities, and So- 
phistications. For the use of Dyers, Printers, Drysalters, Brokers, 
&c. By J. W. Slat ee. Second Edition. Crown 8vo, 7s. 6d. 

1 “ A complete encyclopaedia of the materia tinctoria.” — Chemist and Druggist . 

“ The newest resources of the dyer and printer are noticed with completeness 
accuracy, and clearness.” — Chemical Sews. 

THE ART OF SOAP-MAKING ; a Practical Handbook of 
the Manufacture of Hard and Soft Soaps, Toilet Soap3, &c. 
Including Descriptions of many New Processes and a Chapter on 
the Recovery of Glycerine from Waste Leys. By Alex. Watt. 
Fourth Edition, revised and enlarged. Crown 8vo, 7s. 6d. cloth. 
“ "Will prove very useful, not merely to the technological student, but to the 
practical soap-boiler.” — Chemical Xevrs. 

“ Mr. Watt’s book is a thoroughly practical treatise on an art which has almost 
no literature in our language. We congratulate the author on the success of his 
endeavour to fill a void in English technical literature.” — Xature. 

THE MUSEUM OF SCIENCE AND ART. Edited by 

Dionysius Labdneb, D.C.L., 'formerly Professor of Natural 
Philosophy and Astronomy in the University College, London. 
With upwards of 1,200 Wood Engravings. In 6 Double Volumes. 
Price £1 Is. cloth, or handsomely bound in half morocco 31s. Gd. 
“ This series besides affording popular hut sound instruction on scientific 
subjects, with which the humblest man in the country' ought to be acquainted, 
also undertakes that teaching of ‘ common things ’ which eveiy well-wisher of his 
kind is anxious to promote. Many thousand copies of this serviceable publication 
have been printed in the belief and hope that the desire for instruction aud 
improvement widely prevails ; and we have no fear that such enlightened faith 
will meet with disappointment.” — Times. 

“A cheap and interesting publication, alike informing and attractive. The 
papers combine subjects of importance and great scientific knowledge, considerable 
inductive powers, and a popular style of treatment.”— Spectator. 
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MECHANICAL ENGINEERING, ETC. 


THE MECHANICAL ENGINEER’S POCKET-BOOK. 

Comprising Tables, Formulse, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M. Inst. C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P Powles, 
A M. I C E , M.I.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rounded corners. [Just Published. Xtt 6/0 

SI MMAR\ OF L ON I ENTS — MATHEMATICAL TABLES — MEASUREMENT OF SURFACES 

and solids —English Weights and measures —1 rench metric weights and 
Measures —foreign Weighis and measures -moneys.— Specific Gravity, 

WEIGHT, AND VOLUME.— MANUFACTURED METALS —STEEL PIPES.— BOLTS AND NUTS.— 
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, ZINC.— 
STRENGTH OF MAI E RI \LS. — STRENGTH OF TIMBER —STRENGTH OF CAST IRON — 
STRENGTH OF WROUGHT IRON.— STRENGTH OF STEEL.— TENSILE STRENGTH OF CGPPER, 

Lead, &c —Resistance of St ones and other Building Materials —Riveted joints 
in boiler Plates —Boiler Shells.— wire Ropes and hemp ropes.— Chains and 

CHAIN CABLES —FRAMING.— HARDNESS OF METALS, ALLOYS, AND STONES — LABOUk OF 

animals.— Mechanical Principles.— Gravity and Fall of Bodies.— Accelerating 
and Retarding forces— mill Gearing, Shafting, &c. -Transmission of Motive 
power.— heat.— Combustion Fuels.— warming, ventilation. Cooking stoves.— 
Steam.— Steam Engines ■ ■« • ■■ . Tramways.— Steam ships — 

Pumping Steam Engines ! .* .ngines, &c.— Air in Motion. 

—Compressed air —Hot ■. •• —Speed of cutting tools. 

—Colours.— Electrical Engineering. 

“ Mr Clark manifests what is an innate perception of what is likely to be useful in a pocket- 
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineering subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utility In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
It to our readers ."—The Engineer 

“ It would be found difficult to compress more matter within a similar compass, or produce a 
book of 700 pages which should be more compact or convenient for pxicket reference . . . \\ ill 
be appreciated by mechanical engineers of all classes .” — Practical Engineer. 
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MR. HUTTON’S PRACTICAL HANDBOOKS. 


THE WORKS’ MANAGER’S HANDBOOK. 

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of “The Practical Engineer’s Handbook.” Sixth Edition, carefully 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound 15/0 


The Author having compiled Rules and Data for his own use in a great 
variety of modern engineering work , and having found his notes extremely useful , 
decided to publish them — revised to date — believing that a practical work , suited to 
the daily requirements of modern engineers, would be favour ably received. 

"Of this edition we may repeat the appreciative remarks we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, although the 
total number of pages remains almost the same. It is a very useful collection of rules, tables, and 
workshop and drawing office data.” — The Engineer, May io, 1895. 

" The author treats every subject from the point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
' ' ' i ' " ' ' , ’ ly by practical experience, 


's notes, memoranda, and 

■ ■ 1 " — Mechantcal World. 

. . . The work forms 
>f any one connected with 

general engineering .'’ — Mining Journal. 

"Bnmful of useful information, stated in a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical man 
possessing a copy."— Practical Engineer. 


THE PRACTICAL ENGINEER’S HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the 'Board of Trade and other Examinations for Certificates 
of Competency in Modern Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of “The Works’ Manager’s Handbook 
for Engineers,” &c. With upwards of 420 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 

[Just Published. 18/0 

tftT' This Work is designed as a companion to the Author's “Works’ 
Manager’s Handbook.” It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the A uthor for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form , and is illustrated by 
upwards of 420 Engravings , and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing , or estimating for Engines, Boilers, 
and other Engineering Work. 

"We have kept it at handTor several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
—Athcnaum. . . 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to him.” — Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering " — Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering.' — Building News. 

"The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium." — Engineer 

"A mass of information set down in simple language, and in such a form that it can be easily 
referred to at anv time The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers shelves, where it will rank as 
one of the most useful books of reference *’ — Practical Engineer. 

" Full of useful information, and should be found on the office shelf of all practical engineer* 

— English Mechanic. 
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MR. HUTTON’S PRACTICAL HANDBOOKS-^«»'«<?- 


STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of “ The Works’ Manager’s Handbook,” “The 
Practical Engineer’s Handbook,” &c. With upwards of 500 Illustrations. 
Third Edition, thoroughly Revised, in part Re-written, and much Enlarged. 
Medium 8vo, o\er 600 pages, cloth, strongly bound .... 18^0 

19 ^ This Work is issued in continuation of the Series of Handbooks written 
by the Author, viz. : — “The Works’ Manager’s Handbook ” and “The Practical 
Engineer’s Handbook,” which are so highly appreciated by engineers for the 
practical nature of their information ; and is consequently written m the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference , of such a large amount of thoroughly practical information on Steam- 
Boilers , will be of considerable service to those for whom it is intended , and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

“ One of the best, if not the best, books on boilers that has ever been published. The infor- 
mation ts of the right kind, in a simple and accessible form. So far as generation is concerned, this 
is, undoubtedly, the standard book on steam practice.’* — Electrical Review. 

“ Every detail, both in boiler design ana management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin de siecle Engineer and Works Manager.’’ 
—Marine Engineer. 

“ There has long been room for a modem handbook on steam boilers ; there is not that room 



. . way into the 

I » ■ e thoroughly 

* . — Machinery 

Market. 

PRACTICAL MECHANICS’ WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author cf 
“ The Engineer's Practical Assistant,” &c M &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of “The Works’ Manager's Handbook,” “The Practical Engineer's Hand- 
book,” &c. Fcap. 8 vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus- 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

“ In its modernised form Hutton's * Templeton should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might louk for in vain in other avorks. This modernised edition will be appreciated by all who 
have learned to value the original editions of * Templeton. ' — English Mechanic 

“ It has met with great success 111 the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their nse in life to this little book. ’ — Building 
News. 

“ This familiar text-book — well known to all mechanics and engineers— is of essential service 
to the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in gold ' — Building 
News. (Second Notice ) 

"This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop. — 
McchantcaL IVortd 

“The punlishers visely entrusted the task of revision of this popular, valuable, and user 1 
book to Mr. Hutton, than whom a more competent man they could not have found. ' — Iron. 


ENGINEER’S AND MILLWRIGHT’S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By Wu liam Templeton. 
Eighth Edition, with Additions. i8mo, cloth 52/6 

“Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made ” — Rui.'dwc Yeu >s. 

" A deservedly popular work. It should be in the 'drawer of e\ >’rj mechanic .” — English 
Mechanic. 
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THE MECHANICAL ENGINEER’S REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . Net £3 3s. 

part I —Measures — Circumferences and Areas, &c.. Squares, cubes. 
Fourth powers.— square and cube Roots.— Surface of Tubes —Reciprocals.— 
Logarithms. — Mensuration.— Specific Gravities and weights.— Work and 
Power. — Heat. —Combustion.— Expansion and contraction. —expansion of 
Gases.— Steam.— Static Forces.— Gravitation and Attraction.— motion and 

COMPUTATION OF RESULTING FORCES.— ACCUMULATED WORK.— CENTRE AND RADIUS 
of Gyration.— Moment of Inertia.— Centre of Oscillation.— Electricity.— 
Strength of Materials.— elasticity.— Test Sheets of Metals.— friction.— 

TRANSMISSION OF POWER.— FLOW’ OF LIQUIDS.— FLOW OF GASES.— AlR PUMPS, SURFACE 

Condensers, &c —Speed of Steamships.— Propellers.— Cutting tools.— Flanges. 
—Copper Sheets and Tubes.— Screws, Nuts, Bolt heads, &c —Various Recipes 
and Miscellaneous Matter.— With diagrams for Valve-Gear, belting and 
ropes, discharge and Suction Pipes, Screw Propellers, and copper Pipes. 

PART II.— Treating of Power of boilers.— Useful ratios.— Notes on 
Construction — Cylindrical Boiler Shells. — Circular Furnaces. — flat 
Plates.— Stays. — Girders —Screws. — Hydraulic Tests — Riveting. — boiler 
Setting, Chimneys, and mountings.— Fuels, &c.— Examples of Boilers and Speeds 
of Steamships.— Nominal and Normal Horse power.— With diagrams for all 
Boiler Calculations and drawings of many varieties of boilers. 

“ Mr Foley is well fitted to compile such a work. The diagrams are a great feature of the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers.’’— Marine Engineer. 

“ We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engineers.” — Journal of American Society of Naval Engineers. 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 
of “ The Mechanical Engineer’s Reference Book.” Pocket size, cloth . 3/9 
“Tlu'.t t ilih s .in' «U -.igivfl to nu <’t the ri qmri inenf* of t ver>-d.i\ u-e . thov .ire of sufficient 
scope for must pr.'i ii>. tl pi rpns* s, .uni 111 1\ be ooinmuidtd t<n ng’iietrs itu l user- ot ‘•team 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines, ai d Part II. on Heat Engines. By 
T. M. Goodeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of “ The Principles of Mechanics,” “ The 
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo, cloth . 6/0 

“Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can awatd it no higher praise.” — Engineer 

"Mr « ri>c>ile\c s te\t-b'M k is i work «>f v ln< h every young ciigmet r should possess himself 
— l//i i/>\' Ji to na ’ 

ON OAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodeve, M.A. Crown 8vo, cloth 2/6 

“ Like all Mr. Goodeve’s writings, the pre s ent is no exception in point of general excellence. 
It is a valuable little volume. — Mechanical World. 

THE QAS-ENQINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E With Forty Full-page Engravings. Small Fcap. 8\o, leather. 

Net 8/6 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 


Fifth Edition. i2ino, cloth 6/0 

"The best treatise that has ever been published on steam boilers."— Engineer. 


THE MECHANICAL ENGINEER’S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, &c. ; Strcrgth »»f Bolts, Weight of Iron. &c ; Weights, 
Measures, and other Data, Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, cloth. 3/6 

“A very* useful little volume. It contains many tables, classified data and memoranda 
generally useful to engineers ' — Engineer. 

“What it professes to be, * a handy office companion,’ giving In a succinct form, a vanety of 
information likely to be required by mecl. i..i< al engineers in their everyday office work ." — feature 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haeder, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly z,ioo Illustrations. Crown 8vo, 

cloth Xet 7/6 

“ A perfect encyclopaedia of the steam engine and its details, and one which mast take a per- 
manent place in English drawing-oliices and workshops ” — A Foreman Pattern-maker 

,4 This is an excellent book, and should be in the hands of all who are interested in the con- 
struction and design of medium-sized stationary' engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
In this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idea ' — Nature. 

“ There can t>e no ij ae^tion ai to its value We cordially commend it to all concerned in the 
design ail l construe non <_t the stc un cng.ne — 'ia>, < al ‘Far . : 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors. 
By Robert Wilson, A.I.C.E., Author of “ A Treatise on Steam Boilers,” &c. 
Crown 8vo, cloth 3/0 

" A valuable contribution to the literature of scientific building ." — The Builder. 


BOILER MAKER’S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Foirth Edition, 480 pp., with 140 Illustrations. Fcap. 8vc, half- 
bound 7/0 

“ No workman or apprentice should be without tins book. — Iron Traae Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A M Inst C.E , Author of ** Refrigerating and Ice-Making 
Machinery." 6od pp , with joo Illustrations Medium 8\o, cloth 

[Just Published. Xtt 15,0 

“The author h.i-> to be co^gr itul.asd «>n tnc completion im l | induction of s,^h an linpor- 
t mt w>-rk and it v. inn «t f til !•> li ive 1 1 irge body <>t readers, iur it leaves <>ut nothing that would m 
any way be of value to clitve interested in the subject ’’ — Steamship 

" No one whose duty it is to h indie toe in.iiuin<.th preserving inst illations of these 1 itter .1 iys 
can afford to be without this valuable book —ota ... oru iUta’d. 


THE POCKET BOOK OF REFRIGERATION AND ICE = 

MAKING FOR 1903 . 

Edited by A- J Wallis-Tayi fr, A.M Inst C.E. Author of “ Refrigerating 
and Ice-making Machinery,” &o. Small Crown S\o, cloth. 

[Just Published. Xct 2 6 


REFRIGERATING & ICE-MAKING MACHINERY. 


A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. \Vallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth. 

[ Just Published. 7/6 

“Practical, explicit, and profusely illustrated ."— Glasgow Herald. 

“ We recommend the 


details of parts of machinery 
“ May be recommend* 
facts, figures, and tabulated 
subject.' — Engineer. 


TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the lea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Tayler, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 21S 
Illustrations. [Just Published. Net 25/0 

“ When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its Use is almost universal This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and .also a description of the processes best 
v..irncd out by this machinery. —Journal Sandy of Arts. 
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ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers ; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth. ... .1 2/0 

" This is an excellent and very useful book, covering subject-matter in constant requisition In 
every factory and workshop . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every works." — Builder. 

“ We accord the work unqualified praise. The information Is given in a plain, straightforward 
m a n ner, and bears throughout evidence of the intimate practical acquaintance of the author with 
every phase of commercial engineering . '—Mechanical World. 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J.Wallis-Tayler, A.M.Inst.C.E. 
With 8i Illustrations. Crown 8vo, cloth . . . . • 7 IS 

“This is in its way an excellent volume. Without going into the minutiae of the subject, it 
j et lays before its readers a very good exposition of the various sy stems of rope transmission ui use, 
and gives as well not a little valuable information about their working, repair, and management. 
\Y e can safely recommend it as 3 useful general treatise on the subject. ' — The Engineer. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Tayler, A. M. Inst. C.E., Author of “Modern Cycles,” 
&c. 2X2 pp , with 76 Illustrations. Crown 8vo, cloth .... 4/6 

“ The book is dearly expressed throughout, and is just the sort of work that an engineer, 
thinking of turning his attention to motor-carnage work, would do well to read as a preliminary 
to starting operations. ' —k ngtfieenng. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Horner, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

“ This work is characterised by that evidence of close acquaintance with workshop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
111 ci.mmun'ing 1 lu woik as 1 serviceable and practical handbook on a subject which has not 
hitherto received much attention from tnose qualified to deal with it in a satisfactory manner."—- 
Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, Engine Work, Sheave* and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimating the weight of Castings &c. By Joseph G. Horner, 
A.M.I.M.E. Third Edition, Enlarged. With 4S6 Illustrations. Crown 8vo, 
cloth. [Jwsf Published. Net 7/6 

“A well-written technical guide, evidently written by a man who understands and has prac- 
ticed what he has written about. . . . We cordially recommend it to engineering students, young 
■ oarneymen, and others desirous of being initiated into the mysteries of pattern-making."— Builder. 

"An excellent %’ade mecutn for the apprentice who desires to become master of his trade." 
— English Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood’s Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c. Com* 
prising upwards of 6,000 Definitions. Edited by J. G. Horner, A.M.I.M.E. 
Third Edition, Revised, with Additions. Crown 8vo, cloth. . Net 7/6 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studies, and ev cry 
foreman engineer and mechanic should have a copy ." — Building Nexus. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I.M.E. 
With 184 Illustrations. Crown Svo, cloth 6/0 

“ We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet written.' — Mechanical World. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. By C. F. T. 

Young, C.E. 8vo, cloth £1 4 s. 

“ To such of our readers as are interested in the subject of fires and fire apparatus we can 
most heartily commend this bock —En% meeting. 
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AERIAL NAVIGATION. 

A Practical Handbook on the Construction of Dirigible Balloons, Aerostats, 
Aerop'anes, and Aeremotors. By Frederick Walker, C E., Associate 
Member of the Aeronautic Inititute. With 104 Illustrations. Large Crown 
8vo, cloth. [ Just Pul liihsd. Net. 7/0 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement ana Management of Stone Works. By M. Powis 
Bale, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . - 9,0 

“The book, should be in the hands of every mason or student of stonework ." — Colliery 
Guardian 

“ A capital handbook for all who manipulate stone for building or ornamental purposes.’’— 
Machinery Market. 

PUMPS AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Crown 
8vo, cloth • • • 3/6 

*' The matter is set forth as concisely as possible. In fact, condensation rather than ditfuse- 
oi*' ' 1 ’ '' ' ■ " ' ‘ L e does not seem to have omitted anything likely to 

be ■ • . ■ ■ 

—Gtasgi 11 l/t ; til'd 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of “ Lathe-Work.” With upwards of 300 Engravings. Large crown 8vo, 

cloth 1 2/6 

** A new departure in engineering literature. . . . We can recommend this work to all in- 
terested in milling machines ; it is what it professes to be— a practical treatise. ‘—Engineer. 

" A capital and rebable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as well as to those who contemplate its adoption.”— 
Industries. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown 8vc, 
cloth 5/0 

** Written by a man who knows not only how work ought to be done, but who also knows how 
to do It, and how to convey his knowledge to others. To all turners this book would be valuable. 
Engineering. 

“ We can safely recommend the work to young engineers. To the amateur It will simply be 
nvaluable. To the student it will convey a great deal of useful information.”— Engineer. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of “ Lathe- Work,” &c. Fifth Edition Waistcoat-pocket size . . 1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their action described. ' — Mechanical World. 

“ It is a complete compendium of all the details of the screw-cutting lathe ; In fact, a multum- 
in-parvo on all the subjects it treats upon ." — Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, Formulae, and Memoranda. Waistcoat-pocket size, 

limp leather 1/6 

•• It would, perhaps, be as difficult to make a small pocket-book selection ot notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt.” — Engineer. 

“ The best example we have ever seen of 270 pages of useful matter packed into the dimer* 
slons of a card-case. —Building News. “ A veritable pocket treasury of knowledge .” — In rt. 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English ; with Tables suitable for the Architectuiai, 
Engineering, Manufacturing, and Nautical Professions. By John James 
Fletcher. Third Edition, 200 pp. Waistcoat -pocket size, limp leather 1/0 
" It is a very great advantage for readers and correspondents in France and England to hai e 
S3 large a number of the words relating to engineering and manufacturers collected in a liliputirn 
volume. The little book will be useful both to students and travellers.” — Architect. 

“ The glossary of terms is very complete, and many of the Tables are new and well arranged. 
We cordially commend the book ' — Mechanical it 'or id 
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THE ENGINEER’S YEAR BOOK FOR 1903. 

Comprising Formulae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and M" *"* * P" TT R K"*'"r, A.M. Inst. C.E., 

Principal Tei ■ . ■ dice, General Post 

Office, London, Authr ' I Testing,” “The 

Electrical Engineer’s Pocket-Book.” &c. With 1,000 Illustrations, specially 
Engraved for the work. Crown 8vo, about 1,000 pp., leather. 

[Just Published. 8/0 

“Kemps’s Year B)ok really requires no commendation. Its sphere of usefulness is widely 
known, and it is used by engineers the world o\er ’ — The Engineer. 

“The volume is distinctly in advance of most similar publications in this country.”— 
Engineering. 

** This valuable and well-designed book of reference meets the demands of all descriptions of 
engineers. ’ ‘—Sa iu rday Review 

“Teems with up-to-date information in every branch of engineering and construction.”— 
Building Naas. 

“ The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
highest sort, and that may justly be said of it. —Mining Journal . 

M There is certainly room for the newcomer, which supplies explanations and directions, as 
well as formulas and tables. It deserves to become one of the most successful of the technical 
annuals. ’ — Architect. 

“ Brings together with great skill all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successful ’ — Scotsman. 

“ The up-to-dateness of Mr Kempe’s compilation is a quality that will not be lost on the busy 
people for whom the work is intended.” — Glasgow Herald. 


THE PORTABLE ENGINE. 


A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth 3/6 

“ This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere — Mark Lane Express 


“ We cordially commend this work to buyers and owners of steam-engines, and to those who 
have to do with their construction or use Timber Trades Journal. 

" Such a general know ledge of the steam-engine as Mr Wansbrough famishes to the reader 
should be acquired by all intelligent owners and others who use the steam-engine .'' — Building News. 

“ An excellent text-book of this useful form of engine The * Hints to Purchasers' contain a 
good deal of common-sense and practical wisdom .” — English Mechanic. 


IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoare, 
Author of “ The Slide Rule,” &c. Ninth Edition. 32mo, leather . 0/0 

“ For comprehensiveness the book has not its equal. ‘ — Iron. 

“ One of the best of the pocket books.' — English Mechanic. 


CONDENSED MECHANICS. 

A Selection of Formula, Rules, Tables, and Data for the Use of Engineering 
Students, &c. By W. G. C. Hughes, A.M.I.C.E. Crown 8vo, cloth . 2/6 

" The book is well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae again. ’ — Marine Engineer. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed . 6o. 

“If steam-users would but leam this little book by heart, boiler explosion ? would become 
-* n itlons by their rarity." — English Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY 

ENGINES. 

A Practical HanJbrok for Men -in- charge By C. Hurst Crown Svo, cloth. 

[Just Published. Aii I/O 
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THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robert Weather- 
burn, M.l.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 3vo, doth. Net 2/6 

-iUummiv t>i lon.inii — Prologue.— -Cylinders. — Motions —Connecting 
Rods — frvues —Wheels — plmps. Clacks. &c — injectors —Boilers —smoke 
KuX — CHIMNEY — WEAI HER BOARD AND AWMXG — l.NI ERXAL DIMENSIONS. — ENGINE 
Drivers, £:c 

“ It notiM be difficult to imagine anything more ingeniously planned, more cleverly worked 
out. ana more charmingly written. Readers whether young or old of a mechanical turn, cannot 
fail to find the volume most eajoyaole as wall as most msTurti.t."— Glasgow Herald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1503 . By Clement E. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. With 130 Illustrations. Crown 8 vo, cloth. 

[Just Published. Xct 4/6 

“ Students of railway history and all who are interested in the evolution of the modem 
locomotive will find much to attract and entertain in this volume. — 1 he 1 lines . 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, formerly Locomotive Inspector, L. B. & S. C. R. 
Eleventh Edition. Including a Key to the Locomotive Engine. 
Crown 8 vo, cloth 4/6 

“Mr Reynolds has supplied a want, and has supplied it well. We can confidently recom- 
mend the book not only to the practical driver, but to everyone who takes an interest in the 
performance of locomotive engines —The Engineer 

“Mr. Reynolds has opened a new chapter in the literature of the day. 1 ills adimr ible 
pra-tic il tre iti-,e, of thepr *.ti ' il utility of which *e i . e t j-pe A-n tern s of warm -.ojainendatio 1 
— Athena nm. 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 

Edition, with Revised Appendix. Crown 8 vo, cloth 4/6 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine. '—Iron. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michael Reynolds. 8 vo, cloth 

9/0 

“A popular explanation of the different brakes. It wilj be iff great assistance m forming 
public opinion, and will be studied with benefit by those who take an interest m the brake. '—English 
Mechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 


Crown 8vo, cloth ... . 4/6 

“The author's advice on the various pouits treated is clear and practical.' — Engineering 


“Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about it. ’ — Engineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown Svo, cloth . 1/6 
“ From 'irst to last perfectly fascinating. Wilkie Cullms's most thrilling conceptions are 
thrown into the shade by true incidents, endless in their variety, related in every page."’ — North 
British Mail. 

THE ENGINEMAN’S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams 
Fourth Edition, Revised. Royal i 8 mo, strongly bound for pocket wear. 3/6 

*■ A mipsI HiLiitunur-. vvi'ih. gnuig in i cii.ct and iir.uti-.il form ill the ii.htrin iti>*u an 
* ugHK* liniiiler desirous ut ni.iMiring the -vault if n. principles ul 1m daily calling would lcpme -- 
l ,U Muter. 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THE COLONIES. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be Constructed, Worked, and Financed ; and detailing the Cost of 
Construction, Equipment, Revenueand Working Expenses. By J. C. Mackay, 
F.G.S., A.M. Inst. C.E. Illustrated with Plates and Diagrams. 8vo, cloth 

15/0 

“ Mr. Macxay s volume is clearly and concisely written, admirably arranged, and freely 
illustrated The book is exactly what has been long wanted. We recommend it to all interested 
m the subject. It ia sure to have a wide sale .” — Railway News 

TUNNELLING. 

A Practical Treatise. By Charles Prelini, C.E With additions by 
Charles S. Hill, C.E, With 150 Diagrams and Illustrations. Royal 8vo, 


cloth Net 1 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the WcA<- 

Ranging the Lines and Levelling un . 

and the Constitution of the Brickw „ " ' 


M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-aqueous and other Tunnels, by D. Kinnear 
Clark, M. Inst. C.E. With 34 Folding Plates. Imperial 8vo, cloth £12 28 . 

M The present (1896) e lition has been brought right up to date, and is thus rendered a work to 
which civ li engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly alFord to be without, but which to the younger members of the profession 
Is invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained ."— Railway News 

THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OF WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. C.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 25/0 

I. INTRODUCTORY —II DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF 
WATER TO LE PROVIDED.— IV. ON AsCERI AINING WHETHER A PROPOSED SOURCE OF 
Supply is slfmcieni —V. on Esiimajtv; the Storage Capacity required 
TO BE PROVIDED —VI CLASSIFICATION OF WATER WORKS.— VII. IMPOUNDING RESER- 
VOIRS.— Viil. Earthwork Dams.— IX Masonry Dams.— X. the purification of 
Water.— XI Se tiling Reservoirs.— XII. Sand Filtrat ion.— XIII. purification 
of water by Action of iron, softening of water by action of Lime, Natural 
Filtration.— XIV Service or Clean Water Reservoirs— Water Towers— stand 
Pipes.— XV. the connection of Settling Reservoirs, Filter Beds and service 
Reservoirs.— XVI. Pumping Machinery.— XVI i Flow of Water in Conduits— 
Pipes and Open Channels.— XVIII. Distribution systems.— XIX. special pro- 
visions for the Extinction of Fire.— XX. Pipes for water works.— XXI. Pre- 
vention of Waste of Water.— XXII. Various Appliances used in Connection 
with Water works. 

Appendix I. By prof. JOHN MILNE, F.R.S —Considerations concerning the 
probable Effects of Earthquakes on Water-works, and the special Pre- 
cautions TO BE TAKEN in EARTHQUAKE COUNTRIES. 

Appendix II. By JOHN DE RIJKE, C.E. —On Sand Dunes and Dune Sand as 
a Source of water supply. 

“ The chapter upon filtration of water is very complete, and the details of construction well 
Illustrated. . . . The work should be specially valuable to civil engineers engaged in work in 
Japan, out the interest is by no means confined to that locality.'' — Engineer. 

" We congratulate the author upon the practical commonsense shown in the preparation of 
this work . . . The plates and diagrams have evidently been prepared with great care, and 
cannot fail to be of great assistance to the student. ' — Builder. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Greenwell, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 5/0 

"We conscientiously recommend it as a very useful l»ook for those concerned in obtaining 
water for small districts, giving a great deal of practical information m a small compass. "—Builder. 

“ The volume contains valuable information upon all matters connected with water supply. 
. . . !t 1 . lull of details on points which are continually before water works engineers ’ —Naei>*e. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A. M. Inst. C.E., and M. Inst M.E., Author of “ Cast 
and Wrought Iron Bridge Construction,” &c., &c. Illustrated with 50 Double 
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
half-bound in morocco Net £6 6s. 


List of Contents. 

I Historical Sketch op some of the means that have been adopted for 
the Supply of Water to Cities and Towns.— II. Water and the Foreign Matter 
USUALLY ASSOCIATED WITH IT —III. RAINFALL AND EVAPORATION —IV. SPRINGS AND 
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.— V. MEASUREMENT AND 

Estimation of ihe Flow of Water,— VI. On the Selection of the Source of 
Supply.— VII. wells — VIII. Reservoirs.— ix. The purification of Water.— 
X. pumps.— XI. pumping Machinery.— XII. Conduits.— XI II. Distribution of Water, 
—XIV. Meters, Service Pipes, and house Fittings.— XV. The Law and economy of 
Water-works.— xvi. constant and intermittent Supply.— xvii. description of 
Plates.— Appendices, giving tables of rates of supply. Velocities, &c., &c., 
together with Specifications of several works illustrated, among which 

WILL BE FOUND . ABERDEEN, BlDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH, 
Rotherham, Dublin, and others. 

“ The most systematic and valuable work upon water supply hitherto produced m English, or 
in any other language. Mr. Humber a work is charactensed almost throughout by an 
exhaustiveness much more distinctive of French and German than of English technical treatises.” 
— Engineer. 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8vo, cloth. [Just Published. Net 9,0 

Summary of Contents 

Principles of hydraulics.— The Flow of Water.— hydraulic pressures, 
Material —Test load packings for sliding surfaces.— Pipe Joints.— Con- 
trolling Valves.— Platform lifts —workshop and Fm xi.ky cranes.— u ake- 
h< >1 se \nu I >• >(. k. o \nef • — Hydraulic accumulators —Presses i or Iui.im, and 

" 1 IIEK l‘( RI’<»Es —SHEET METALWORKING AND FORGING MACHINERY — HT l'RAULIC 
Rivet tkrs —Hand, Power, and Steam Pumps.— Turbines —Impulse Turbines. 
— KEVUTION 'lURMNES — DESIGN OF TURBINES IN I>E T \IL — W ATF.R WHEELS.— 

Hydraulic Engines.— Recent Achievements.— Pressi kl ui Waiek— Au.un of 
I’LMPS, \C. 

r 1. .. ' -- The author has succeeded 

• . ■ Engineer. 

. manual on hjdraulic trans- 


HYDRAULIC TABLES, CO-EFFICIENTS, & FORMUL/E. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Edition, 
revised, with con-aderabie additions. Numerous Illustrations. Crown 8vo, 

cloth 1 4/0 

“ It is, of all English books on the subject, the one nearest to completeness. "—A rchitect. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D’A. Jackson, 
Author of “Aid to Survey Practice,” “Modern Metrology,” &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth ^ 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
t<> this branch of the engineer s profession.' —Engineering. 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By Charles Slagg, A.M. Inst.C.E. Second Edition. Crown Svo, cloth . 7/6 

" As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent.' — E.ntrineenng 

“The .imhrr 1 ns coll ited the results deduced from the experum nts cf the uu.ct mum nt 
mtlioritie'., and has pu sented them 111 .1 n nip ict .uni pr.u tic««l tuim. .ie< ■ lup mud h\ \er> clear 
■uni detailed ♦ \pl.ui itn 11s . . The application ul water t a u.utue i^iurn treated \cr\ 

earcfullj and exli.uibtnelj '—II, 
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THE RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Alex Beazeley, M.Inst. C.E. 8vo, cloth. 

Net 10 6 

“ The book shows in a concise way what has to be done m reclaiming land from the sea, and 
the best wi) of doing it The work contains a great deal of practical and useful information which 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
ov. ners intending to reclaim land from the sea ’’ — Tin Engm-.er 

“The author has earned out his task efficiently and well, and his book contains a large 
amount of information of great service to engineers and others interested m works of reclamation. ’ 
— Nature. 

MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth 9/0 

“ The volume contains a good deal of valuable data. Many useful suggestions will be found 
in the remarks on site and position, location of dam, foundations and construction . ' — Building 
News. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by “ Induced Tidal 
Scour ” ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks 
Board. Royal 8vo, cloth 7,6 

“ We recommend all interested in harbour works — and, indeed, those concerned In the 
improvements of rivers generally— to read Mr. Mann’s interesting work." — Engineer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details cf Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnear Clark, M.Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. 128/0 

“ The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Authors world-famed book on railway machmery. '—The Engineer. 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. 

Including the betting-out of Works fur Construction and Sur\ey*> Abroad, with 
many Examples taken from Actual Practice A Handbo for u-e in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
law, Jun , A M In*.t. C K , Author of “ Point - and Crossings ” W.ith about 
_*oo Illustrations. Demy 8vu, cloth [Just Published. Set 10 6 

“ l.i.- lu.rh 1- i.rittoi «■ .ih 'dun ible lucidity , cid will a rt mil} *>e found of distinct » line 
both to studi'its md £•• thuae c'lg .gul 'll .utu.d |>r. etiuc. — I •.<. Huthur 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Natural Sines, Tangents, Secants, &c. Crown 8vo, 7/6 cloth; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use . 12/6 

“The best forms of instruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, In 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
In his inexperience will find most serviceable. ' — Engineer. 

“The first book which should be put in the hands of a pupil of Civil Engineering. — 
A refuted. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out ; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A M.I.C.E. Second Edition, Enlarged. 8vo. 
.cloth 1 2/6 

" dr kson has produced a valuable vade-mecum for the surveyor. We can recommend 
tlus book as containing an admirable supplement to the teaching of the accomplished surveyor — 
Athenaum. 

1 1 " T he author brings to his work a fortunate umon of theory and practical experience which, 
[.nacd by a clear and lucid style of writing, renders the book a very useful one."- — Builder. 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10 6 
“ The work is very clearly written, and '-hould remove all dithculties the way of any surveyor 
desirous of making use of tlus'useful and rapid instrument. — Nature. 

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 
Tables, &c. By \V. Davis Haskoll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8 vo, cloth . . . . 12/0 

" The book is very handy ; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing a the same.’ — Athenceum. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns’ Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Additions. Large crown 8vo, cloth . . . 9/0 

“ This book must prove of great value to the student We have no hesitation in recom- 
mending it. feeling assured that it will more than repay a careful study ’ —Mechanical World. 

“ A most useful book for the student. We can strongly recommend it as a carefully-written 
and valuable text -book. It enjoys a well-deserved repute among surveyors. —Butlder. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford s Rules for the same. By 
Frederick W. Simms, M. Inst. C.E. Eighth Edition, with Law’s Practical 
Examples for Setting-out Railway Curves, and Trautwine’s Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
Svo ... 8/6 

" The text-book on levelling in most of our engineering schools and colleges ." — Engineer 
“The publishers have rendered a substantial service to the profession, especially to the 
younger members, by bringing out the present edition of Mr. Simms s useful work ."— Engineering . 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIGONOMETRICAL SURVEY. 

For the Formation of Geographical and Topographical Maps and Plans, Mill* 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formula, 
and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal Svo, cloth .... 16/0 

"No words of praise from us can strengthen the position so well and so steadily maintained 
by this work Sir Charles Warren lias revised the entire work, and made such additions as were 
necessary to bnng every portion of the contents up tu the present date." — Broad Arrow. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR SETTING-OUT CURVES. 

From 5 to 200 Radius. By A. Beazeley, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves. Printed on 50 Cards, and sold in a doth box, waistcoat-pocket size. 

3/6 

“ Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage os regards the rapidity of work. —Engineer. 

" Very handy a man may know that all lm> day s w ork must fall on two of these cards, which 
he puts Into his own card-case, and leaves the rest t>elund.' —Atnenceum. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to So feet in Depth or Height, for use with either 
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On a Sheet mounted in cloth case. 3/6 



CROSBY LOCKWOOD &■ SON'S CATALOGUE. 


EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of 
Heights or Depths up to an average of So feet. By Joseph Broadbent, C.E., 
and Francis Cam pin, C E. Crown 8 vo, cloth 5/0 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in wmch are constant and one vanunle, is ingenious, ' — -Atheneeum . 

A MANUAL ON EARTHWORK. 

By Alex. J. Graham, C.E. With numerous Diagrams. Second Edition. 
i3mo, cloth .... 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8 vo, cloth "1 2/0 

“ Many of the methods given are of extreme practical value to the mason, and the observa- 
tions on the form of arch, the rules for ordering the stone, and the construction of the templates, 
will be found of considerable use We commend tne book to the engineering profession. 
Building News 

“Will be regarded by civil engineers as of the utmost value, and calculated to save much 
time and obviate many mistakes . " — Colliery Guardian 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. —Theoretical, Practical, and Descriptive. By William Humber, 
A. M. Inst. C E., and M. Inst. M.E. Third Edition, revised and much im- 
proved, with its Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4 to, half-bound in 

morocco £B 16 s. 60. 

“ A very- valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
Instructive wrrth of those illustrations. — Ctvii Engineer and Architect s Journal 

‘‘Mr Humber s stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr Page, Mr Fowler, Mr Hemans, and others among our most eminent 
engineers, are drawn and specified in great detail.” — Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late George 
Watson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.C.E. 
Royal 8 vo, doth 1 2/0 

“The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and it would be impossible to consult a better.” — E ngineer 

" Mr. Buck s treati c e is recognised as a standard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck s work is unsurpassed.” — Building News. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8 vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8 vo, cloth . 1 6/0 
“ Mr Graham s book will find a place wherever graphic and analytic statics are used or 
studied ' — Engineer 

“The work is excellent from a practical point of view, and has evidently been prepared 
wnn muen care The directions for working are um>le, and are illustrated by an abundance of 
weU-se»ected examples It is an excellent text-book for the practical draughtsman.”— Athenetutn. 

WEIGHTS OF WROUGHT IRON & STEEL OIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 

J. H. Watson Buck, M. Inst. C.E. On a Sheet .... 2/6 
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PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 

E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

'* No book with the same objects view has ever been published in which the clearness cf 
the rules laid down and the illustrative diagrams have oeen so satisfactory — Scotsman. 

THE GEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, cloth 3/6 

HANDY BOOK for THE CALCULATION OF STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formula 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c. By William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly ioo Woodcuts and 3 Plates, cloth . . . 7 lQ 

“ The formulae are neatly expressed, and the diagrams good. ' — Athenaum, 

“We heartily commend this really handy book to our engineer and architect readers. — 
English Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 
Working Drawings. By William Griffiths, Surveyor, Assistant Master, 
Tranmere School of Science and Art Oblong, 8vo. cloth . . 4/6 

“This handy little book enters so minutely into e\ery detail connected with the con- 
struction of roof trusses that no student need be ignorant of these matters.' — Practical Engineer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practic.il Remarks on Iron Construction. By F. W. Sheilds, M.I C.E. 
8vo, cloth 5/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons. P. W. Barlow, F.R.S., and W. H. Barlow, F.R S. ; to which 
are added, Experiments by Hodgkinson, Fairbairn, and Kirkildy; and 
Formula for calculating Girders, &c. Arranged and Edited by Wm. Humber, 
A. M. Inst. C.E. Demy 8vo, 400 pp , with 19 large Plat*-, and numerous 


Woodcuts, cloth 1 3/0 

** Valuable alike to the student, tyro, and the experienced practitioner, it will always rank 
in future as it has hitherto done, as the standard treatise on that particular subject. ’ — h.nginecr 


“As a scientific work of the first class, it deserves a foremost place on the bookshelves of 
every civil engineer and practical mechanic .'' — English Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De- 
scription of Modern Appliances and System*;. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Society of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 
Enlarged. Crown 8vo, cloth 3 ; 6 

“A book for the engineer, the directors, the managers, and, in short, all who wish fot 
information on railway matters will find a perfect encyclopaedia in ‘bale Railway \\ orking. ' — 
Raihcay Revtnc 

" The author may be congratulated on lining colic t<d, 1*1 1 lorycmiununt form much 
\ihnble information - •» tlu* prmcipil ijm. -.turns •th.Limg the sii» working of r.iilu.n-. ' — Rat r-./y 
} ngnm 

EXPANSION OF STRUCTURES BY HEAT. 

By John Keily, C.E., late of the Indian Public Works Department. Crown 

8 vo, cloth 3 '6 

“ The aim the author has set before hnn, viz , to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon winch the engireer or 
architect can find but little reliable and comprehensive data in books." — Builder. 
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THE PROGRESS OF MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, half-morocco, price £1 2 1 2a. 

Each volume sold separately, as follows : — 

First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humber, 
A. M. Inst. C.E.,&c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3s. 

List of the Plates and Diagrams. 

Victoria Station and Roof, L. B & S. C R. (8 plates) ; Southport Pier 
(2 PLATES); VICTORIA STATION AND ROOF, L. C. & D. AND G. W. R (6 PLATES); ROOF 
OF CREMORNE MUSIC H ALL 5 BRIDGE OVER G. N. RAILWAY: ROOF OF STATION, 
Dutch Rhenish rail. (2 plates); Bridge over the Thames, west London 
Extension railway is plates), armour plates; Suspension Bridge, Thames 
(4 plates) ; The Allen Engine ; Suspension bridge, Avon (3 plates) ; Under- 
ground Railway (3 plates). 


HUMBER’S MODERN ENGINEERING. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 

press, Specifications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low water Basin 115 plates); charing cross station 
Roof, C. C Railway ,3 plates), Digswell Viaduct, great Northern Railway; 

ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY: 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway ; ,Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; college wood 
Viaduct, Cornwall Railway, Dublin wimer palace Roof (3 plates), Bridge 
OVER THE THAMES, L. C & D RAILWAY (6 PLATES', ALBERT HARBOUR, GREENOCK 
(4 PLATES). 


HUMBER’ 5 MODERN ENGINEERING. 

Third Sfries. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
J. R. M ‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 

Specifications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Main Drainage, Metropolis —North Side— Map showing Interception of 
Sew hrs ; Middle Level sewer (2 plates), outfall Sewer, Bridge over River 
Lea (3 plat E si. out 1 all sewer. Bridge over Marsh Lane. North Woolwich 
Railwav, and Bow and barking Railway Junction ; outfall sewf.r, bridge over 

BOW AND BVKKING RAILWVY (3 PLATES) , OU 1 FALL SEW’ER, BRIDGE OVER EAST LONDON 

Water-works' Feeder 12 plaif.s) . Outfall Sewer reservoir f 2 plates) ; outfall 
Sewer, Tumbling Buy and outlet, outfall sewer. Penstocks. South Side — 

OUTFALL SEWTR, BFKMONDSEY BRANCH 12 PLATES) . OUTTALL SEWER, RESERVOIR AND 

Outlet (4 plates) , out fall Sewer, Filth Hoist , Sections of Sewers North and 
South Sides) 

Thames Embankment —Section of River Wall, Steamboat Pier, wfst 

MINSTER |2 PLVIF-'. LANDING STAIR-. BETWEEN CHARING CROSS AND WA 1 F.RLOO 

Bridges : York gaie 12 platksi , Overflow and Outi f.t at savoy street sewer 
( 3 PLATES', STEAMBOAl PIER. WAIERLOO BRIDGE (3 PLA I KS) , JUNCTION OF SEWERS. 
Plans and slciions; Gullies, plans and sections. Rolling stock ; granite 
and Iron Forts. 


HUMBER’S MODERN ENGINEERING. 

Fourth Series. Imp. 4to, with 36 Double Plates. Photographic Portrait of 
John Fouler, late Pres Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Abbey Mills Pimping Station, Main Drainage, metropolis (d plates). 
Barrow Dock-, 15 pi.aie-i. Manquis Viaduct, Sant iago and Valparaiso Railway, 

(2 PLAIKS); AD VMS LOCOMOTIVE, ST HELENS CANAL RAILWAY |2 PLATES). CANNON 

street station Rode, charing Cross Railway 13 platf»; Road Bridge over 
thf. River Mokv 12 plaies>. Telegraphic Apparatus for Mesopotamia ; Viaduct 
over 1 he River Wye, Midland Railway 13 plates); st. Germans Viaduct, 
Cornwall Railway (2 plates); Wrought-Iron Cylinder for Diving bell, 
millwall Docks <6 plates), milroys patent Excavator ; Metropolitan Dis- 
trict Railway {6 plates) ; Harbours, Ports, and breakwaters (3 plates). 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, ETC. 


THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 

POCKET-BOOK of Formulae, Rules, and Tables, and Marine Engineer’s and 
Surveyors Handy Book of Reference. By Clement Mackrow, M.I.N.A. 
Eighth Edition, Carefully Rewsed and Enlarged. Fcap., leather. 

t /ust Published. Xct 1 2/6 

Slm.m\ry of cunti ms —Signs and Symbols, decimal Fractions.— Trigo 

NO METRY —PRACTICAL GEOMETRY.— MENSURATION —CENTRES AND MOMENTS OF 
Figures — Momenjs of Inertia and Radii of Gyrat ion —Algebraical Expressions 
for Simpson s Rules —mechanical principles.— Centre of Gravity —Laws oF 
Motion —Displacement, Centre of Bloyancy —Centre of Gravity of Ship .3 
Hull.— Stability Clrves and Metacentres —Sea and Shallow-water Waves. 
—ROLLING OF SHIPS.— PROPL LSION AND RESISTANCE OF VESSELS.— SPEED TRIALS — 
Sailing Centre of Effort —Distances down rivers, Coast Line? —steering an5 
Rudders of vessels.— Launching Calculations and Velocities.— weight of 
Material and Gear —Gun Particulars and weight.— Si andard Gauges.— 
Riveted Joints and Riveting.— Strength and Tests of Materials —Binding 

AND SHEARING STRESSES, &C. — STRENGTH OF SHAFTING, PILLARS, WHEELS, &C — 

Hydraulic Data, &c. — Conic Sections, Catenarian Curves. — mechanical 
Powers, work.— Board of trade Regulations for Boilers and Engines —Board 
of trade Regulations for Ships —Lloyd s rules for boilers —Lloyd s weight 
of Chains —Lloyds Scantlings for Ships— Data of Engines and vessels — 
Ships' Fittings and Tests.— Seasoning preserving Timber.— Measurement oF 
Timber.— alloys, Paints, Varnishes —Data for Stowage.— Admiralty Trans- 
port Regulations —Rules for Horsepower, screw Propellers, &c— Per- 
centages for Butt Straps. &c —Particulars of Yachts.— Masting and Rigging 
Vessels —Distances of Foreign ports.— Tonnage Tables —Vocabulary of 

FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASL RES. — FOREIGN 
WEIGHTS AND MEASURES.— DECIMAL EQUIVALENT S —FOREIGN MONEY.— DISCOUNT 

and Wages Tables —Useful Numbers and Ready Reckoners —Tables of 
Circular measures.— Tables of Areas of and circumferences of Circles — 
Tables of areas of Segments of circles —Tables of Squares and Cubes and 

ROOTS OF NUMBERS.— TABLES OF LOGARITHMS OF NUMBERS.— TABLES OF HYPER 

bolic Logarithms. —Tables of Natural Sines, Tangents, &c.— Tables of 
LOGARITHMIC SINES, TANGENTS, &C. 

“ In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast amount of information. W e unhesitatingly say tnat it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, sumeyor, seaman, 
wood or iron shipbuilder, can afford to be without this work." — Nautica . Magazine. 

“ Should be used by all who are engaged in the construction or design of vessels, . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form. The book is one of 
exceptional merit.' — hngmeer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data ft r 
solving many of the numerous problems that present themselves in the course of his work. 1 — Iron 
“ There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade . . The \olume contains a mass of useful information clearly expressed and 
presented in a hand> form. — Marine Engineer. 


WANNAN’S MARINE ENGINEER’S GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
3<-'2 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers*, complete Set of Drawings with Statements completed. By 
A. C. Wannan, C.E., Consulting Engineer, and E. W. I. Wannan. M.I.M.E., 
Ccrtifii ated I'irst Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Third Edition, Re\ised and Enlarged. 50.^ paces. I.aige crown 8vo, 
cloth. I Jvat Vub: ihtd. A W 10/6 

“The bonk i-> clenrh and r>l iinlj written ,ii.d .ixoid-. unrece'-s ir\ exnl. nation', and formulas* 
and wc consider it a euuiuoie l*o**k lor stuuents tu marine engmeem g. — A 'aitlnai 


WANNAN’S MARINE ENGINEER’S POCKET-BOOK 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C. Wannan. 'Ihird Edition. Revised, Enlarged, and Brought up to 
Date. Square iSmo, with thumb Index, leather. [ Jus * Published. 6,0 
“There is a grcit deal of useful information in this little pocket nook It is of the rule-of 
thumb order, and is, on that account, well adapted to the uses oT the s< a-going engineer. 1 — 
/ 

L. I'* 


CROSBY LOCKWOOD A- SON'S CAtALOGUM. 


SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Languages 
(English-French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pirrie, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . 5/0 

‘‘ This volume will be highly appreciated by seamen, engineers, pilots, shipbuilders and ship- 
owners It will be found wonderfully accurate and complete. — Scotsman 

" A very useful dictionary, which has long been wanted by Frencn and English engineers, 
masters, officers and others ." — Shipping World . 

ELECTRIC SHIP- LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-going 
Engineers in Charge. By J. W. Urquhart, Author of “ Electric Light.” 
“ Dynamo Construction,” &c. Second Edition, Revised and Extended. 
With mum. pits'. Illustrations. Crown Svo, cloth .... 7/6 

MARINE ENGINEER’S POCKET-BOOK. 

Consisting of useful Tables and Formula. By Frank Proctor, A. I. N. A. 
Third Edition. Royal 32 mo, leather. . . . 4/0 

• We recommend it to our readers as go mg far to supply a long-felt want." — Naval Science 
“ A most useful companion to all marine engineers." — United Service Gazette . 

ELEMENTARY MARINE ENGINEERING. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals. Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c. With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8 vo, cloth 1 1Q 
"Contains much valuable information for the class for whom it is intended, especially in the 
chapters on the management of boilers and engines. "—Nautical Magazine. 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 
Revised, with^ considerable Additions by the Author and by Gfokge 
Carlisle, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
&vo, cloth 4/6 

PRACTICAL NAVIGATION. 

Consisting of The Sailor’s Sea-Book, by James Greenwood and W. H. 
Rosser; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i 2 mo, strongly half-boilnd 7/0 

THE ART AND SCIENCE OF SAILMAKING. 

By Samuel B. Sadiek, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4 to, cloth 1 2/6 

This extremely practical work gives a complete education in all the branches of the manu- 
i:ture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and guide ’ — i'ortstnonin 1 imes. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c.. Iron for Cables and Chains. 
Chain Cable and Cham Making, tormmg and Welding Links, Strength ot 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Cham 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests. 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M. Inst. C.E , Engineer-Suivey<jr-in-Chief 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd’s Committee on Proving Establishments. 
NVith numerous Tables, Illustrations, and Lithographic Drawings. Folio, 
cloth, bevelled boards £2 2 e. 

It contali"- a vast amount * f valuable information. Nothing sseii-s to lv «.>imn s to Hi ikt It 
1 c tJiplute .ui'l st.nid ird wo'k ot relereoce on the subnet. Magazine. 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 
Mines. By E. Henry Davies, M.E., F.G.S, 6co pp With Folding Platen 
and other Illuviations. Medium 8vo, cloth. [Just Published. .'V/ 25/0 

" Peal-, «. vh tuVi\«.U with tlie m un miv.Oi.ipit lor nh whiJi g'- to Ui ike up the jiut-'lil of 
m iJiii.cn m- i "the ictiuirt-inuits t<u the >uu • — n.l v "-viii.* ct i.i«_t illifcnj^', mint s, tin i -- i book 
-.I ie.uiy rucrei'ce t- ->t tlie lughc-t \ tlut to mine n. inagt and directors. — !/,... g y > • , 3 

“Mr, Davies has done the advanced student and the manager o! mines goo.l service. 
Almost every kind of machinery m actual use is carefully described, and the woodcuts and plates 
are good. —Atrunautn 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View* 
By ( /. A. Denny 101 Johunnesbuig), M.N.E.I.M.E., Consulting Engineer to 
tne General Mining and Finance Corporation, Ltd . 01 London, Beilin, Paris, 
and Johannesburg. Fully Illustrated with Diagiam> and Folding PIate>. 
Royal 8vo, buckram. { Just Published. Net 25/0 

•‘Mr l)c.nny l»> com mu himself o th«* ^011 ,i< Ier.it i--n of the futu-- of me deep-Ie.el mine-* 
of tin. Rand break.-, 11 >vv grojnd, m l by dealing w.th tlie >ul je.t r.i:n«»r nom <1 c".'iii«*.*ru il at mid- 
point than from 1 - :ientiii- one , ippeaH to 1 witicur. lo of re iders The . 'jok c.uuiut fail to prove 
of verj great value t investor-, m s.nith A'ncan mines .1/1 you , */. 

•M\iU interest all who are concerned m am v ay with the Wi;w ttersrind iroldtieldj — 

hie / 1 tins. 

PROSPECTING FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Daniel J. Rankin, F.R.S.G.S., MRA.S., formerly 
Manager of the Cential African Company, and Leader of African Gold Pros- 
pecting Expeditious. With Illustrations specially Drawn and Engraved for 
the Work. F cap. Svo, leather. [Just Published. Net 7/6 

‘This well-compiled l>" >k contains .. collection of the richest gems of n-etul knowledge for 
the prospector a benefit. A special table is .given t .> accelerate the spotting at a glance ot minerals 
associated with gold — Mining Journal 

THE METALLURGY OF GOLD. 

A Practical Treatise or. the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. EinM-ek, 
M. Inst M.M. Fifth Edition, Enlarged. With ovcj 300 Illustrations and 
numtrous Folding Plates- Medium 3\ o, cloth. [Just Published. AW 21/0 

“ This book thoroughly deserves its title of a * Practical Treatise ' The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly 
narrative and with much, but not too much, fulness of detail — Saturday Kci ten, 

“ The work is a storehouse of information and valuable data, and we strongly recommend it 
to all professional men engaged in the gold-mining industry. ’ — Mining Jouma ». 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

And its Piactical Application on th< W . ■ "T " 

By M. Eissler, M. Iu*>t. M.M. ■* . 1 ■ , V. 

Third Edition, Revised and Enlarg . . 7,6 

“This book is just whit was needed to icquamt mining men with tlie actual working of a 
process .inch is not only the irost popular, but is, as a general rule, the most successful for the 
extraction of gold from tailings — Mining Journal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Piactical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Pioperties, including Partieulais of 
tlie Costs of Apparatus and Working. By G. A. Denny, M.N.E. In.-t. M.E.. 
M. Inst. M.M. Medium Svo, 16S pp., with Illustrative Diagrams . 12,6 

“ I her. i- ■ » it unly -epe for • i <>rk i.*i <n mi- .-1 ur'li.ng i.id Mr Deimv ueservvs grateful 
recognition fur supplying a decided want. Me strongly recommend every board of directors to 
circu.Jy pvru-e the p iges "f the work ' — Mining Journal. 
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FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Merritt. 
M N E. Inst. M.E., A.R.S.M., &c. With Photographic Plate-, and other 
Illustrations. Fcap. 8vo, leather. Net 5/0 

“A-< instruct.. r or pri-spccturs c..isses Mr Merritt has the advantage of knowing 

e\ictlj the infer’ 1..11 hkriy 'ul'e no vJuable to the miner in the held The contents cover 
'. 1 th'"’*: I'-M-’i. ’ ^ . 1 t* -t ^ ,.l ill -.i.ir - re- A u-eful addition to a prospector s 
hit ’ — Mining Ju ■ rna .. 

THE PROSPECTOR’S HANDBOOK. 

A Guide for the Pro-pector and Traveller in search of Metal-Bearing or other 
Valuable Mineials. By J. W. Anderson, M.A (Camb.), F.R.G.S. Xinth 
Edition. Small crown Svo, 3.6 cloth; or, leather .... 4/6 

" Will supply a much-felt want, especially among Colonists, In whose way are so often thrown 
many mineral* <gical specimens the value of which it u. difficult to determine ." — Engineer 

•* How to nisi commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to pack as much practical 
detail into his pages as would supply material for a book three times its size." — Mining Journal. 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. Eissler, M. Inst. M M. Third Edition. Crown 8vo, cloth . 10/6 

“A practical treatise, and a technical work which we are convinced will supply a long-felt 
v iMt amongst practical men, md at the same time be of value to students and others indirectly 
n.u'i • (.ten with tne industries — Mining Jcuma » 

From first to last tne book is thoroughly sound and reliable ’ — Colliery Guardian 

THE HYDRO-METALLURGY OF COPPER. 

Being an Ace-amt of lVic.-scs Adopted in the Hydro-Metallurgical Treat- 
ment of Cnpi 'ferous Ores, Including the Manufacture of Copper \ ltriol, with 
Chapter- on tin. ?. un.es uf Supply of Copper and the Roasting of Copper Ore--. 
By M Ei 1 " i t R. M. In^t. M M. Svo, cloth. [Just I'ulli&hed. Net 12 6 
“1 t'. • \oli' > ie > u.ii.is prec* ?-es fi r thi extri t«>nof ..upper by wet methods tie fi.’U 
ii< ulc l . ( - .re 4., tn* ,i€ ’ a ihb'e, u’d igu.tdc l cf useful mfuniiatijn abct.t the 

oij.jir in-'i -u> of the wiuM is i re < utol m m interesting at d .ittr i- tne manner . Aver} 

•el'.oi e > i ditiui t" the i.ttr ituii ou t>per —.!/./'/• _> t »\r 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 
By M. Eissler, M. Iu-t. M.M., Author of “The Metallurgy of Gold,” &c. 

Crown 8vo, 400 pp., with 183 Illustrations, cloth 12/6 

” ”, r ”y and extensively treated of. embrace 

various natural states to its issue from 


METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged by his Son, E. Henp.y Davies, RLE., F.G.S. 600 pp.,^ with 173 
Illustrations. Large crown 8vo, cloth Xe/ 12/6 

“ Neither the prictic.il miner nur the general reader, interested in mines, can have a better 
hook for las companion and his guide — Mining Jcuma. 

“ As a history of the present state of mining throughout the world this book has a real value, 
and it supphes an actual want — Athtnaum. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C- Davies, F.G.S., Author of “ Metalliferous Minerals,” &c. Third 
Edition, Revised and Enlarged by his Son, E. Henry Davies, RLE., F.G.S. 
With about 100 Illustrations. Crown 8vo, cloth ..... 12/6 

“ We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient form."— Acaacmy. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Rlines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Rlining Records. Upwards of 950 pp., with 
230 Illustrations Second Edition. Revised. Super-royal Svo, cloth £2 2s, 
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POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulas, Tables, and Notes for Use in Field and Office 
Work. By F. Danvers Power, F.G.S., M.E. Second Edition. Corrected. 

Fcap. 8 vo. leather 9/0 

“This excellent book is an admirable example of us kind, and ought to find a large sale 
amongst English-speaking prospectors and mining engineer^. ' — Engineering, 

THE MINER’S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milne. F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Edition. Fcap Svo. leather 7/6 
“Professor Milne’s handbook is sure to be received with favour by ail connected with 
mining, and will be extremely popular among students ’ — A thence «m. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of tne Iron Ores of Spam. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown Svo, cloth . . 1 6/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re-written 
and Enlarged. With 250 Illustrations. Royal Svo, doth. Xct 25/0 

iiuuiz<>\ r vi. pi mping nw.rxns — rotary and Non-Rotary horizontal 
Engines —Simple and G impound Si e am Pumps — VfR 1 1 CAI, Pi .MP 1 \'G 1 \v»l\l«s — 
RuTARY AND NON.RolARY VER1ICAL hW.INES — SIMPI K AND COMPOUND b I E AM 

pumps — Triple-Expansion steam Pl mps. — pl'Ls>Ai 1 .ng mpvm pumps— pump 
Valves —Sinking Pumps, , &c. 

“This volume contains an immense amount of important and interesting new matter. 
The book Simula undauntedly prove of greit use to .>11 w'»j « i-.li fur information or the sub- 
ject -/Ac/-..' ,r 

ELECTRICITY AS APPLIED TO MINING. 

By Arnoj d Lupton, M Inst.C E . M I M.E , M.I E E., la f e Profe»-or of 
Coal Mining at the Yorkshire Co’lcgo. Victoria U.iiwrsity, Mining Engineer 
and Culliuy Manager; (1 D. A-pinall Park, M.I K E. A. M.I M K.. 
Asso i.ue of the Central Technical Cu'lege, C«ty and <kiiM> <>f London. Head 
<>f the Elc-triea 1 Engineering Department. Yorkihiie College, V.otoni 
Umveisit> ; and Herri 1 : r Perkin. M I M E., Certified Collier) Managei, 
Assistant Levturct in the Mining JLpaitnv.nt of the Yotkshire College, 
Victoria Uni\ersit\ With ab >ut i~ > Illustrations Medium Zvq. cloth. 

[Just Published. X e - 9 0 

j l 01 SUMMARA OI O'MEN.S i>»pig> 

THE COLLIERY MANAGER’5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
T '» ’ ^ ’ r 7 f for Colliery Managers, and for the Use of Coal 

” First-class Certificates. 13y Cai eb Pamely. 

" : . ; Member of the North of England Institute of 

‘ i ■ 1 »ers ; and Member of the South Wales Institute 

‘ ■■ 700 Plans, Diagrams, and other Illustrations. 

Fourth Edition, Revised and Enlarged. 964 pp. Medium Svo, doth £1 5s. 
Geology —Search for Coal.— Mineral Leases and other Holdings — 
Shaft Sinking — Fm ing Up the shaft and surface arrangement* —Sieam 
U niLERS AND I HEIR Fl TTINGS — TIMBERING AND \V ALI.ING — N ARROW WORK AND 
Methods of working — Underground Conveyance. —Drainage —Thi: Gases 
met wiih in Mines . vent il a 1 ion — on the Friciiun of air in Min«-*s. — thf. 
PKIE"T\IAN OIL hN’GINE PKJROLEUM AM* NATURAL GAs — SURVEYING AND 
Planning —Safety Lamps and Firi damp Deifliors —Sundry and Incidfntal 

OPERATIONS AND APPLIANCE'S — COLLIERY I£XPLOSION> — MISCELLANEOUS OUES1IONS 

and Answers —Appendix Summary of report of H M. Commissioners on 
ACCIDENTS IN MINES. 

“ Mr. Pamely > work is eminently suited to the purpose or which it is intended, being clear. 
Interesting, exhaustive, nch in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work. ’ — Colliery 
Guardian 

" Mr Pamely has not only given us a comprehensive reference book of a veVy high order 
suitable to the requirements of mining engineers aid colliery managers, but has also provided 
mining students with a class-book that is as interesting as it is instructive — Co, hoy Ma 1 xger 

“This Is the most complete ‘all-round worK on coalmining published in the English 
1 tuguage. . . . No library of coal minmg books is complete without it — Colliery Engineer 
(Scranton, Pa,, U.S A ., 1 
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COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of Labour and Wages, and the different Systems of Working Coal 
Seams.. By H. F. Bulman and R. A. S. Redmayne. 350 pp., with 
28 Plates and other Illustrations, including Underground Photographs. 
Medium Svo, cloth. *| 5/0 

“ This is, indeed, an admirable Handbook for Colliery Managers, in fact it is an indispensable 
adjunct to a Colliery Managers education, as well as being a most useful and interesting work 
on the subject for all who in any way hate to do with coal mining. The underground photographs 
are an attractive feature of the work, being very lifelike and necessarily true representations of the 
scenes they dep.ct — Colliery Guardian 

"Mr Bulman and Mr Redmayne, who are both experienced Colliery Managers of great 
literary aothty, are to be congratulated on having supplied an authoritative work dealing with a side 
of the subject of coal mining which has hitherto received but scant treatment. The authors 
elucidate their text oy 119 woodcuts and 28 plates, most of the latter being admirable reproductions 
of photographs taken underground with the aid of the magnesium flash-light. These illustrations 
are excellent. — .Yam re. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth, M A., F.R.S., Chief Inspector of the 
Junes of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised 
and Extended by T. Forster Brown, Mining and Civil Engineer, Chief 
Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown 
Svo. cloth. 3/6 

“ As an outline is gi\en of eveiy known coal-field in this and other countries, as well as of the 
principal methods of working, the book will doubtless interest a very large number of readers. — 
Mining Journo... 

NOTES AND FORMUL/E FOR MINING STUDENTS. 

By John Herman Merivale, M.A., Late Professor of Mining in the Durham 
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged. By H. F. Bulman, A M.Inst.C.E. Small crown 8vo, cloth. 2/6 
“The author has done his work in a creditable manner, and ha« produced a book that will 
be of sen ice to students and those who are practically engaged in mining operations "—Engineer. 

INFLAMMABLE gas and vapour in the air 

(The Detection and Measurement of). By Frank Clowes, D.Sc., Lond., 
F.I.C. With a Chapter on The Detection and Measurement of Petro- 
leum Vapour by Boverton Redwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts. Crown Svo, cloth. Net 5/0 

" Professor Clowes has given us a volume on a subject of much industrial importance . . . 

Those interested u\ these n alters may be recommended to study this book, which is easy of compre- 
hension and contains many good things. —The Engineer. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. 8vo, cloth . . £1 8s. 

"Of this l 00k »e may unreservedly say that it is the best of its class which we have ever 
met . . A book reference which no one engaged ui the iron or coal trades should omit from 
his library. — Iron and Coal Trades Review. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Roeert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 1 6/0 

' An interesting and invaluable work ." — Colliery Guardian 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harri«. F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By Wn.i iam Lintern. C.E. With two plates. 
Small crown 8vo, cloth. [Just Published. Net 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC 


THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A. First Year's Course for Students. Ey Tyson Sewell, AI.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. With upwards of 200 Illustrations. Demy 8vo, 
cloth. [Just Published. Net 7 6 

Ohms I. \\v — units Employfd in Electrical engineering. -Series and 
Parallel Circuits, current Density and Potential Drop in the circuit.— 
Tht Hf wing Effect of* the Electric current —The Magnetic Effect or an 

KLECTRI 2 CURRENT —THE MAGNETISATION OF IRON — ELEC I RO-CHE.MIST RY ; PRIMARY 

Batteries —Accumulators.— Indicating Instruments, ammeters, Voltmeters, 

OHM METERS -El ECTRICITA SUPPLY METERS —MEASURING INSTRUMENTS, AND THE 
MEASUREMENT . >F F.I ECTRICAL RESISTANCE — MEASUREMENT OF POTENTIAL DlF. 

t'krencf:. CAP.vcm, Current strength, and Permeability —Arc Lamps— Incan- 
descent lamps. Manufacture and instai l at ion : photometry —The con- 
ilnuois clrrfnt Dynamo —Direct current Motors. 

* An excellent treatise for students of the elementary fact- connected with electrical 
engine.. rm? — The 1 hi *ncta>> 

" Distinctly one of the Lest hooks for those commencing the study of electrical engineering. 
J'vcw tmt-g is explained in simple language which e\ en a l*eginner cannot fail to understand ' — The 

1 h -'.i< t ■ 

•* < hie welcomes tins hook. which i„ sound m its treatment, and adunrahh calculated to giie 
Midi nt- the knowledge and uifoimatinn they most require."— Nature. 

conductors for electrical distribution. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction. Undergo und Working, and other Uses By F. A C. Perrine, 

A. INF . D.Sc ; formerly Professor of Electrical Engineering, Leland Stanford, 

Jr . University ; Member American Institute Electrical Engineers. Demy 
S vo, cloth [Just Published. AW 20 /“ 

Condi ctor Matfrials— Alloyed conductors— Manufacture of wire— 
WiRi -1 inishing— Wire Insi laiion— U\i 1 r-— C ali t la i i<<\ 01 Circi 1 is— K elvins 
J AW OF ECONOMY IN ('11M1I lIoRS — M l I Til’Ll A K< DlsiRlLT I ION— AlTI.RN ATINt. 
It KHIM C Al.CI I W ION — Ovi Kill- A 1 > I.INI ■s — Pol H I INI —I INI- I N <1 I XT ORS -I'NDHR. 

1 ,koi no Condi < tors 

ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. 

Extension and Application of a General Winding Rule. By E Arnold, 
Engineer. Assistant Professor in Elect rot echnics and Machine Design at the 
Riga Polytechnic School Translated from the Orginal German by Francis 

B. De Gress, M E , Chief of Testing Department, Crocker-Wheeler Com- 
pany. Wi»h 146 Illustrations. Medium 8\o. cloth. 

[Just Published. Net 12 It 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M Inst.C.E., M.T M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D Aspinall Parr, M.I.E.E ,^A M I M.E., 
Associate of the Central Technical College, City ar d Guilds of Lone on, Head 
of the Electrical Engineering Department. Yorkshire Co' lege, Vic oria 
University; and Herbert Perkin, M I.M E. Certificated Ct lliery Manager, 
Assistant* Lectu er in the Mining Department of the _ Yorkshire College, 
Victoria University. With abcut 170 Illustrations. Medium Svo, cloth. 

[ Just Published. Net 9 1 — 
Introdvctora —Dynamic elfi tricity — Driving nr the dynamo — Thf 

ST I AM Tl RI.INF — I>iM RIIH IK’N OF El I U t RK ALENFKGN — STARTING AND STOPPING 
}.r he 1 RICAL <iEM K A l«»R> AND Me »I » >R> — I I I U 1 RIC C AIU FS — Vl NT R \I LiFXIRICAI. 
Pi AN I s — I J EL TRU 1 1 A APPJILP in PUMI INC, ANDlIAILIM. — FlFCTRICITA APPLIED 
i<» Ci>AL-Ct'i i ini, — Typicai Eli r 1 kic Pi \nis Kmmd Ekfcied - ri hot rip 
I k'.h i iv, bx arc and f,i m\ Lamps — Mn i 1 1 anmu s Appi. i»' w ions < »i I-ifcteuiia 
-1 IK IKK m As lOMPAKFD WITH <>1HFK MuDE- "I I'K VNsM I | I INi , Po\\ I R — 
D\Ni I Ks 01 l.T 1 1 IRK II Y. 
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DYNAMO ELECTRIC MACHINERY: its CONSTRUE 

TION, DESIGN, and OPERATION. 

By Samuel Sheldon*, A M , Ph.D , Professor of Physics and Electrical 
Engine-ring at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B S 

/•i Loo volumes, sold separately, as follows : — 

Vol I.— DIRECT CURRENT MACHINES Third Edition, Revised. Large 
crown S vo. aSo pag:s, with 2 do Illustrations. 

[Just Published . Net 1 2/0 
Vol II.— ALTERNATING CURRENT MACHINES Large crow n 3 vo. 260 
pages with i 34 Illustrations. [Just Published. Net 1 2/0 

Designed as Text-looks for us“ in Technical Educational Institutions, and l.y Engineers 
whose work includes t>>c lunch n? of P rect „nd Ake r RUmg Current Machines respectn e!>, and 
f ir bti" leu's proficient 1 1 m. themunc- 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of E'ectrical Engineers and Artisans. Teachers, Students and all 
others interested in the Theory and Application of Electricity and Magnetism 
Bv A A. Atkin*"'''-, Piofevor of Electucity in Ohio University. Crown 8vo, 
cloth. [Just Published. Xet 9 0 

‘ T 1 tc. chei , and tlusc \ >• • '•’•x 1 h p> a f ur knowledge <»r thur subject we can return- 

imultli'sl is hi. i ig ust ful *•■> ■. when requiring d it 1 or tmuiulre winch it is puthtr env- 

viniMit nor I’c-.e-s irj to re' uu ’I'emorj — /V» 1 1 •«»• 

HANDBOOK FOR THE USE OF ELECTRICIANS 

In the Op-ration and Care of Electrical Machinery and Apparatus of the U S. 
Sei- coast Defence-. By Gl>» L. Anderson, A.M , Caotam U h. Artillery 
Prepared under the direction of the Lieutenant-General Commmding the 
Army Royal 3 v»», cloth [Just Published. Net 21/0 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on Wunschen- 
dorffs “ Trane de T^legraphie Sous-Marine,” and Compiled from Authorita- 
tive and Exclusive Sources By Charles Bright, F R S.E , A.M. Inst. C.E , 
M I E E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8 vo, cloth. Net £3 3 a , 

1 There are few. if any, persons more fitted to write a treatise on submarine telegraphy than 
Mr. Charles Bright IP has done his work admirably, md has written in a wa> which will 
apoeal as muen to the la> man as to the engineer. Tin-, admirable \ Glume must, for many years to 
come, holl the po-ntiun of the Hughs 1 classic on submarine telegraph}, —Engineer 

“ 11 ’-. i k i- tul 1 of -id' rm it., i li in ike- 1 1 -jok of <■ f.n -u e w u- h should bo 111 * wrv 

< ngini ' rs 1 ’br i.v — .Vr ./■- 

“Mr Bright’s interestmgl} written and admirably illustrated book will meet with a welcome 
reception from cable men."— E.e>.tncian 

“The author deal-, with his suojcct tr >m all points of view — political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the general pubUc. AVe 
can strongly recommend .t ->« 


THE ELECTRICAL ENGINEER’S POCKET-BOOK. 

Consisting cf Modern Rules, Formulae. Tables, and Data. By H. R. Kempe, 
M.I E.E , A M Inst C.E., Technical Officer Postal Telegraphs, Author of 
“ A Handbook of Electrical Testing,” &c. Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. Royal 32tno, oblong, 

leather 5/0 

“ It is the best book of its kind ’ — Electrical Engineer. 

“ The Electrical Engineer s Pocket-Book is a good one ."— Electrician 

“ btrongly recommended to those engaged in the electrical industries." — Electrical Kcmcic. 


POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson. A.M. , Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth . . Net 9 O 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M , Ph.D., Author of “ Elements of Static 
Electricity, &c. Crown 8\o, 417 pp., with 120 Illustrations, cloth . 10/6 
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THE MANAGEMENT OF DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics. Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Paterson. 
Third Edition, Revised. Crown 8vo. cioth. [Just Published. 4 6 

“ ‘ ' ’ The subject is treated 

!n a mar ■ ■ ■ rge of an engine should 

be able , . ■ . toy electnc machinery. 

— A rchitect. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electiical 
Engineering. Containing upwards of 3,010 definitions. By T. O’Conor 
Sloane, A.M., Ph.D. Third Edition, with Appendix. Crown Svo, 690 pp., 
390 Illustrations, cloth. [Just Published, AY/ 7/6 

“ The work has many attractive features in it, and is, beyorvi douot, a well nut together arm 
useful publication The amount of ground co\ered may be gathered from the fact that :n the index 
about S,:.oo references will be found ' — E>ectrual Review. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
“ Electric Light,' &c With numerous Illustrations. Third Edition. Revised, 
with Additions Crown 8vo, ciota . 5/0 

“This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged mthe work, or are training for it. The work traverses a great deal of ground, 
and mav be read as a sequel to the authors useful work on 4 Electnc Light — E.ectrinan 

‘‘ The book is well worth the perusal of the v^rkmin, for vnon u is uTte 4 ’ — / * *< <j ' 

R- j u re 


ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electnc Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Enlarged. Crown Svo, cloth. 

7/6 

“The whole ground of electric lighting is more or less covered and explained 111 a vet}’ clear 
and concise manner '—E ectncal Review 

14 A vade-mecum of the salient facts connected with the science of electric lighting 
Electrician. 


DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 
in -Charge. Embracing Framework Building, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 
Edition, Enlarged, with 114 Illustrations Crown 8vo, cloth . -7/6 

" Mr. Urquhart s book is the first one which deals with these matters in such a wav that the 
engineering student can understand them The book is very readable, and tue author leads his 
readers up to difficult subjects by reasonably simple tests ’ — Engineering Revuw 

ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders. Marine Electricians, and Seagoing 
Engmeers-in-Charge. i»y J. W. Urquhart, C.E. Secnd Edition, Reused 
and Extended. With SS Illustrations, Crown 3 vc, cloth . . 7/6 

“The subject of ship electnc lighting is one of vast importance, and Mr Urquhart is to oe 
highly complimented for placing such a valuable work at the service of marine electricians — Tht 
Steamship 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.Inst.C.E., M.I.E E. Fourth Edition, 
Revised. With 16 Illustrations. Crown 8vo, cloth 1/0 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H Knight. 
Third Edition, Revised. Crown 8 vo, wrapper. [Just Published. 1/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electnc Light. 
By Alfred Crofts. Sixth Edition, Revised. Crown Svo, cloth . 2/0 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. 

By H. M. Noad, F.R.S. 650 pp., with 470 Illustrations Crown 8vo, cloth 

90 
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ARCHITECTURE, BUILDING, ETC. 


PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Parnell Allen, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium S»o, 450 pp., with 1,000 Illustrations, cloth . . . . 7/6 

“ The most complete exposition of building construction we have seen It contains all that is 
necessary to prepare stidents fur the various examinations in building construction. ' — Building 
Naus 

“ The author depends nearly as much on his diagrams as on his type The pages suggest 
the hand of a man of experience »n b'iikl'"g operations — and the volume must be a blessing to 
man) teachers as well as to students ' — 7 ne Architect 

“The work is sure to prove a formidable rival to greet and small competitors alike, and 
bids fair to take a permanent place as a favourite student s text-book. The large number of illus- 
trations deserve particular mention for the great merit they possess for purposes of reference in 
exactly corresponding to convenient scales —youmalof the Royal Institute cf British Architects 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting Comprising the Construction, Setting 
Out, and Working of Srairs. Circular Work, Arches, Niches, Domes, Penden- 
tives. Vaults, Tracery Windows, &c. For the Use of Students, Masons, 
and other Workmen. By William R. Purchase, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp., 
with 52 Lithographic Plates, comprising 400 separate Diagrams, cloth . 7/6 

“Mr Purchase's ‘ Practical Masonry ’ will undoubtedly be found useful to all interested in 
this important subject, whether theoretically or practically Most of the examples given are from 
’» ’ . ’ ’ " ’ , practical treatise on 

1 ■ afterwards acted as 

. iment of his present 

^ l others, as well as to 

those to whom it ss specially addressed ’ —yournal of the Royal Institute of British Architects. 

MODERN PLUMBING, STEAM AND HOT WATER 

HEVTINQ, 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lam 1 ep, Autboi of “ American Sanitary Plumbing,’ 
&c With 2S4 Illustrations and Folding Plates. 410, cloth Net 21 /" 

CONCRETE: ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
George L Sutcliffe, A.R.I.B.A. 350 pp., with Illustrations. Crown 
Svo, cloth 7/6 

“The author treats a difficult subject in a lucid manner The manual fills a long-felt gap. 
It is careful and exhaustive ; equally useful as a student's gu.de and an architect s book of 
reference. ’ — fouryia! of the Royac Institute of British. Architects 

LOCKWOOD’S BUILDER’S PRICE BOOK for 1903. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Miller. 800 closely-printed pages, 
crown Svo, cloth . 4-/0 

“This book 1 , a ver> useful one, and should find a place m every English c.Bce connected 
with the building and engineering professions — Industries. 

“ An excellent book of reference ' — Architect 

In its new and revised fonn this Pnce Book Is what a work of this kind should be— compre- 
hensive, reliable, well arranged, legible, and well bound ' — British Architect. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

by Sir Wiiuam Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwtlt, F S.A 
Revised and Edited by W. H. Leeds. 66 Plates, 4 to, cloth . . 21 /Q 
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THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects 
By E. W. Tarn, M.A., Author of “The Science of Building,” &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown Bvo, cloth 7/6 
“ The book is a very useful and helpful manual of architectural mechanics "—Builder. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. Wickes. Architect, Author o f 
“The Spires and lowers of England.” &c. 61 Plates, 4to, balf-morocco, gilt 

edges £1 11s. 6 d. 

11 The whote of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggestive ." — Building News 

THE ARCHITECT’S GUIDE. 

Being a Text-book of Useful Information for Architects. Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. Rogers. Crown Svo, cloth. 

3 6 


ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 
Ferguson. Third Edition. 8vo, boards [Just Published. 3'6 

“ It is the most intelligible of the treatises on this ill-treated subject that I have met with — 
E. INGRESS BELL, Esq., in the RIBA. Journal. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Pyne. 14 Plates, 4to. boards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student’s Guide to the Practice of)- Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth 7/6 

“This edition will be found the most complete treatise on the principles of measuring and 
1 almng artificers’ work that has yet been published ' — Building News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors, Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses. Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat -pocket size, 

gilt edges 1/6 

" No builder, architect, surveyor, or valuer should be without his 1 Beaton. ' — Building Ne^vs. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo. 

cloth 1 6/0 

“Tne work is too well known to need any recommendation from us It is one of the books 
with which every young architect must be equipped — Architect 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build, Aker, or Repair ? A Price Book for Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 
Carefully Revised. Crown 8 vo, cloth. . . . . • . iW/ 3/6 

“ In two jears it will repay its cost a hundred times over. — Fula 
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SANITATION AND WATER SUPPLY. 


THE HEALTH OFFICER’S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health. 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. Willoughby, M.D. (Lond.), &c. Second Edition Revised and Enlarged. 
Fcap. 8 vo, leather {Just Published. Net 10 6 

‘ it ]■> t nnr** of o n kns-*tl l.iform .’inn of i porti'ienr iml ustfu' 1 iml on t<t»* v iri**us c Lih_u*c t-' 
of h it tr- <t* Tne 'line*-! nr s i’-" .'t-. ere ".i. ri’i-.th I ut lo'U 1 - u «ll\ <!■ ilr \»nh — 

I .i ' i‘ 

‘‘ We r< r-jinti *n l 'll tli ••»** « n f >ge*l in j»r rii-' »1 -'imtlP w ■ >rk to f >rn*-h tlu» hm-U » s virli /> 

THE BACTERIAL PURIFICATION OF SEWAGE: 

Being a Practical Account of the Various Modern Biological Methods of 
Purifying Sewage. By Sidnfy Barwise. MD (Lond), D.P.H (Camb.), 
etc. With io Page Plates and ? Folding Diagrams Royal 8vo, cloth. 

Net 6 O 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Bar wise, M.D. (Lond.), M R.C.S., 
D.P.H. (Camb ), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth 5/0 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Rideal, D Sc. Lond., F.I C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables 
Large Crown Svo. cloth . ... Net 9 O 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Greenwell, A.M.I.C.E . 
and W. T. Curry, AAI.I C.E. Revised Edition. Crown 8vo, cloth 5/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (See page u.) Net £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OF WATER-WORKS. 

By Professor W. K. Burton, A.M. Inst. C E. Second Edition, Revised 
and Extended. Royal 3vo, cloth. (See page io ) . . . £1 5s. 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown Svo, cloth . . . 3/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
Buchan. Ninth Edition, Enlarged, with s>-> Illustrations Crown 8vo, 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Building?. By W. P. 
Buchan, R P Crown Svo, cloth 3/6 
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CARPENTRY, TIMBER, ETC. 


THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tpedgold, C.E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated Seventh Edition, thoroughly Revised and considerably Enlarged by 

E. Wyndham Tarn, M.A., Author of “The Science of Building,” &c. 

With 61 Plates, Portrait of the Author, and several Woodcuts. In One large 
Vol., 4to, cloth £1 5 s. 

"Ought to be m every architect's and every builder's library *’ — Builder 
11 A work whose monumental excellence must commend it wherever skilful carpentry Is 
concerned. The author s principles are rather confirmed than impaired by time. The additional 
plates are of great intrinsic value ' — Building News. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Bale, A. M. Inst C.E., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown Svo, 440 pp., cloth . . . . 9;0 

“Mr Bale is evidently an expert on the subject, and he has collected so much information 
that his book is all-sufficient for builders and others engaged ;n the conversion of timber ’ — A refitted. 

“ The most comprehensive compendium of wood-working machinery we have seen. The 
author is a thorough master of his subject." —Building News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 
Crown Svo, cloth 10/6 

" The administration of a large sawing establishment is discussed, and the subject examined 
rom a financial standpoint Hence the size, shape, order, and disposition of saw mills and the like 
are gone into ui detail, and the course of the timber is traced from its reception to its delivery in its 
converted state We could not desire a more complete or practical treatise. —Bunder. 

THE CARPENTER’S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitel. 

F. S.A. Together witn Practical Rules on Drawing, by George Pyne. 

With 74 Plates, 4to, cloth £1 1 b. 

A PRACTICAL TREATISE ON HANDRAILING. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
Collings. Second Edition, Revised and Enlarged, to which is added 
A Treatise on Stair-building. With Plates and Diagrams. 121110, cloth 

2/6 

" \\ ill lie found of practical utility in the execution of this difficult branch ofjomcry " — Builaer. 
11 Almost every difficult pha.se of this somewhat intricate branch of juuiery is elucidated by 
Hit. u l of plates and explanatory letterpress. — furniture Gazette 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings. With Diagrams. Third Edition, i2mo, cloth . 2 , 6 
" An excellent example of what a book of this kind should be Cheap In price, clear in 
definition, ami prattu.nl m the examples selttted — B iuaer 

THE CABINET-MAKER’S GUIDE TO THE ENTIRE 

CONSTRUCTION OF CAB1NHT WORK. 

By Richard Bitmead. initiated with Plan", Sections and Working 
Drawings. Crown 8\o, doth 2 6 
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HANDRAILING COMPLETE IN EIGHT LESSONS. 

On the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry 
anil Huildirg Construction at the Halifax Mechanics 1 Institute. With Eight 
Plates and over 150 Practical Exercises. 4to, cloth .... 3 16 
•- Likely to be of considerable value to joiners and others who take a pride in good work. 
The arrangement of the book is excellent. We heartily commend it to teachers and students."— 
Tfttber Trades Journal. 

TIMBER MERCHANT’S and BUILDER’S COMPANION. 

Containing New' and Copious Tables of the Reduced Weight and Measure- 
ment of Peak and Battens, of all sizes, and ether Ustful Tables for the Use of 
Timbet -Merchants and Builders By William Dowsing. Fourth Edition, 
Revised and Corrected. Crown Svo, cloth ...... 3/0 

“ Wfc are glad to see a fourth edition of these admirable tables, which for correctness and 
3'juphcity of arrangement leave nothing to be desired .” — Timber Iraaes Journal. 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors. Surveyors, Builders, &c,, 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
“'Ill's handy man., i! contains much valuable information for the us* id timber merchants, 
builders, foresters, and all others connected with the growth, sale, and manufacture of timber, 
Journal 0 / Forestry. 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 
Edition. Oblong 4to, cloth 3/6 

“ Invaluaole labour-saving tables " — Iron mortal*-. 

" H sU aaie much labour and uiIcuIat'OM. ’ — r>7-« t . 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from 1 to 200 inches in length by 1 to 108 inches in breadth. 
For the use of Architects, Surveyors, Engineers, Timber Merchants, 
Builders, &c. By James Hawkings. Fifth Edition. Fcap., cloth. 3/6 

“ These tables will be found of great assistance to all who require to make caluiklions 
iiipeii.cnl measurement —1 tis/i I/.. >,u . 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F.S.I., Professor of Forestry*, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 

Revised. Crown 8vo, cloth 3/6 

Prefatory Remarks. — objects of Plaming. — Choice of a forester.— 
Choice of Soil and site — laying out of Land for Plant at ions.— Preparation 
of ihf Gr-'Lnd for Plami.sg —Drain agf.— P i ant ing —Distances and Disiri- 
iltii>n of trees in Plan 1 at it As. — T rees and ground Game —at ten i ion after 
I’lanlng — Thinning of Plantation.-, — Pri mng of Forest trf.fs —Realization. 
—Methods of Sale.— measure. mem of Timber —.measurement and Valuai ion 
of Larch plani aiion — Fire Lines —Cost of Planting. 

"Mr. Cum-, has in the course of a series of short pithy chapters afforded much informa- 
tion of a useful s»im orac ti< al character on the planting and subsequent treatment of trees." — 
/l.HiSroU d La> fch.U r ana Butlaer. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown Svo, cloth 1 0/0 

TIMBER IMPORTER’S, TIMBER MERCHANT’S, AND 

BUILDER’S STANDARD GUIDE. 

By Richard E. Grandy. Comprising: — An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c. ; togetner with copious Informa- 
tion for the Retaiier and Builder. Third Edition, Rev ised. i2mo, cloth 2/0 

“ f erj .uinq it , i< teii'G In i • built up gi idi. dl\ , .1 1« ui- ..»« fn»iri .* l_ui.il In a ticcii.ul, .illd 
- ai, ,,1 ■ h jrm<, a I‘o?t -.f nidtirul .mn. truing brick-,, lulimni cistern--, *. 1 . — J rt n .n/i 
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SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van der Burg and P. Van der Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, iS^ by i2i in., 
Illustrated with 24 fuil-si/e Coloured Plates ; also 12 plain Plate-, comprising 
154 Figures. Fourth Edition , cloth . r /V.Vnvit .U y £1 5 s. 

Li^ i « Pl v i 

I VARIOUS TOOLS REQUIRED FOR WOOD PAINTING —2, 3 WALNUT PRELIMINARY 
STAGES OF GRAINING AND FINISHED SPECIMEN —4. TOOLS USED FOR MARBLE 
Painting and Method of Manipulation —5, 6. St. Remi Marble Earlier 
Operations and Finished Specimen — 7. Methods of Sketching Different 
Grains, Knots, &c — 9. ash Preliminary Stages and Finished speci- 
men. — 10. Methods of Sketching marble Grains. — u, 12. breche Marble; 
Preliminary stages of working and Finished specimen.— 13 Maple ; methods 
of producing the Different Grains —14, 15 biros-Eye maple; preliminary 
Stages and finished Specimen ~i6. methods of Sketching the Different 
Species of white Marble —17, is white Marble ; preliminary stages of 
Process and Finished specimen —19 Mahogany; Specimens of various Grains 
and Methods of Manipulation —20, 21 Mahogany ; Earlier stages and 
Finished Specimen —22, =3, 24. Sienna Marble, Varieties of Grain, Preliminary 
STAGES AND FINISHED SPECIMEN— 25, 26, 27. JUNIPER WOOD, METHODS OF PRO- 
DUCING GRAIN, &C , PRELIMINARY STAGES AND FINISHED SPECIMEN — 23 , 29, 30 VERT 

de mer Marble, Varieties of Grain and Methods of working, Unfinished 
and Finished specimens —31, 32, 33 Oak ; varieties of Grain, Tools Employed 
and Methods of Manipulation, Preliminary Stages and Finished specimen.— 

*4, 35. 36. WAULSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED 

Specimens. 

* ’ ’ " " •* ' ' iting woods and marbles will find advantage 

, • Mens Ciu_s should give their young men 

* “ A comprehensive guide to the art. The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at malong his work a faithful transcript of nature. "—Building News. 

“ Students and nonces are fortunate who are able to become the possessors of so noble a 
work. '—The Architect. 


ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By James W. Facey. With numerous Illus- 
trations. In One Vo!., strongly half-bound . ... 5/0 

HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 
Coloured Plates and Wood Engravings. C r -n\n £\o, cloth . . , 6/0 

" A mass of information of use to the amateur and of value to the practical man.” — English 

Meihanu. 

THE DECORATOR’S ASSISTANT. 

A Modern Guide fur Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts. Ruies, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Seventh Edition. Cr. Svo . 1/0 

’* Full of re-.eil'ts of value to decorators, painters, if* ler-, A'c The book contains the gist of 
i irger treatises on colour aim tec.mn.al orocesse-. it w- uld be difficult to meet with a work so full 
01 varied information on the pointer s art. — Building A civs 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By GeoroE H. Blagrove. Autnor of “ Shoring and its Applica- 
tion,” &c. With 28 Illustrations. Crown 8vo, ciuth .... 3/6 

“ TMs most useful and much wanted handbook should be in the hands of every architect and 

" iti — Ruuding 11 or*a 

•• A core ulij o id usetully wntt, 11 tieuti-e ; ‘.i c work :s esserthdU piactical." — Scotsman. 
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DELAMOTTE S WORKS ON ILLUMINATION AND 
ALPHABETS. 


ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From the Eighth Century, with Numerals ; including Gothic, Church-Text, 
large and small. German. Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses. &c., &c., for the use of Architectural and Engineering 
Draughtsmen. Missal Painters, Masons, Decorative Painters, Lithographer''. 
Engravers. Carvers, &c. Collected and Engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8 vo, oblong, 

ornamental boards .... 2/6 

* For those who insert enamelled sentences round gilded chalices, who blazon shop legends 
over shop-doors, who letter church walls with pithy sentences from the Decalogue, tins book will be 
useful. — Athi/.ijeum 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Couit Hand. Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; 
with several Oiigina! Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
& c. Collected and Engraved by F. Delamotte, and printed in Colours. 
New and Cheaper Edition. Royal 3 vo, oblong, ornamental boards . 2/6 

*’ There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and tne talent which has been expended m the conception of the various 
plam and ornamental letters is wonderful '—Standard. 

MEDIEVAL ALPHABETS AND INITIALS. 

By F. G. Delamotte. Containirg 21 Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 

Edition. Small 4to, ornamental boards Xct 5/0 

“A volume in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled."— Sun. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Delamotte. New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

“ The examples of ancient MSS recommended to the student, which, with much good sense, 
the author choose* from collections accessible to all, are selected with judgment and knowledge as 
well as taste '—Athenaum 

THE EMBROIDERER’S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms. Ornamental Borders, 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and National 
Emblems. Collected by F. Delamotte, and printed in Colours. Oblong 

royal 8 vo, ornamental wrapper Xtt 2 0 

“The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle m this most ornamental and useful pretty wonc. ' — East Anglian Times. 


WOOD-CARVING FOR AMATEURS. 

With Hints on Design. By A Lady. With 10 Plates. New and Cheaper 
Edition. Crown 3vo, in emuiematic wrapper ...... 2/0 

“ The handicraft of the wood-carver, so well a; a book can impart it, may be leamt from ' A 
Lady 5 publication —Athenaum 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Coiour, Water-Glass, Tempera, Encaustic, 
Miniature. Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Edition. Crown 8 vo, cloth g/Q 

%* Adopted as a Prize Book at South Kensington. 

. ' 'any nt 1« arnod. cv< n by tl who inney they do not rcninrc lr> 1 0 taught, from the 

-aretLl peri,., e ( 1 thi-, unpretending out comprehensive treatise ' — ,bt Join nai. 
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NATURAL SCIENCE, ETC. 


THE VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By J. E. Gore, 
F.R.A.S.. Author of “ Star Groups,” &c. Illustrated by 6 Stellar Photographs 
and 12 Plates. Deni} Svo, cloth . . . . . . . . 16 0 

STAR GROUPS. 

A Student’s Guide to the Constellations. By J. Eli.ard Gore, F.R.A.S., 
M.R.I.A., &c., Author of “The Visible Universe,” “The Scenery of the 
Heavens,” &c. With 30 Maps. Small 410, cloth . . . . . 5/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of “ The Visible Univeise,” &c. Small crown 8vo, cloth. 

2/6 

THE MICROSCOPE. 

Its Construction ami Management. Including Technique. Photo-micrography, 
and the Past and Future of the Microscope. By Dr Henri van Heurck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. mp. 8vo, cloth .... 18/0 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S.. 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S.. F G S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (1880). Crown Svo. 

doth 7/6 


THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. le Vaux. Svo, clotn 5/0 


LARDNER’S HANDBOOKS OF SCIENCE. 

HANDBOOK OF MECHANICS. 

Enlarged and re-written b> B. Loewy, F.R.A.S. Post Svo, cloth . 6-0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlaiged by B Loewy, F.R.A.S. Post Svo, cloth . 5/0 

HANDBOOK OF HEAT. 

Edited and re-wntten by B. Loewy, F.R.A.S. Post Svo, cloth . 6 0 

HANDBOOK OF OPTICS. 

New Edition. Edited by T. Olver Harding, B. A. Small Svo, cloth 5/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 


Edited b> Geo. C. Foster, B A. Small Svo, cloth .... 5/0 

HANDBOOK OF ASTRONOMY. 

Revised and Edited by Edwin Dunkin, F.R.A.S. 8vo, cloth . . 9/6 

MUSEUM OF SCIENCE AND ART. 

With upwards of 1,200 Engravings. In Six Double Volumes, £1 Is. doth, 
or half-morocco . £1 11s. 6 o. 

NATURAL PHILOSOPHY FOR SCHOOLS . .36 

ANIMAL PHYSIOLOGY FOR SCHOOLS . .36 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F R.A S. Fcap. 8vo -u th . 2/6 


L. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A C. Wrtlht, M A Oxon , B Sc Lond , formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical S-hool Demy 8 vo, cloth [Just Published. Xet Q 0 

THE OAS ENGINEER’S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the Manufacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H O’Connor, A. M. Inst. C.E. Second Edition, Revised. 470 pp , crown Svo, 
fully Illustrated, leather . . . •10/0 

** The book contains a v vst amount of information. The author goes omsecum ely through 
t 'e engineering detv is and pr"ti<vl methods involved in each of the duferent processes or parts 
of a g.is works. He has cert null} suuiee U*d m making a compilation of hard miters of fact 
absolutely interesting to re id Gas Jl'or’a, 

" A useful work of reference f ir tiie gis engineer and ill interested in lighting or heating by 
gas the analysts of the various di-scnntimi' of gas will be of value to the technical chemist. 

All J'j-»rn*r in any way connect e 1 with toe imnuf icfire ni'l use of gts is rle lit with. The book has 
eude«itl} been carefully compiled, and certainly constitute* a useful addition to gis literature." — 
Eutlder 

“The relume contains a great quantity of specialised information. Compiled, we believe, from 
trustworth} sources, which snnuld make it of considerable value to those for whom ir n specifically 
produced.' — Engineer. 

LIGHTING BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By Wiuia't E. Gibbs, M.E. 
With 66 Illustrations. Crown 8 vo, cloth 7/6 

ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods of Analysis 
3nd Valuation of the Principal Mate-rials used in Engineering Work, with 
numerous Analyses, Examples and Suggestions. By H J-i^mua Phillips, 
F I C . F C-S. Third Edition, Revised and Enlarged. Crown 8vo. 420 pp., 
with Plates and other Illustrations, cloth f fust /’«/•' Xet 1O'0 

“In this work the author has rendered no small service to a numerous body of practical 
men. . . The analjtical methods nnv he pronounced most s.it:sfa-'t->ry, b*img a$ accurate as the 

tiespat'h required */f engineering clien uts permits —Ch'Wun ’ Xn vs 

“T1 e analytical methods gi- en are, is a whole, such as are likely to give rapid and trust- 
worth} results in experienced hands. . . There is much ev ellenr descriptive matter in the work, 
the chapter on ‘Oils and Lubrication being specially noticeable m this respect. ’ — Fri gtneer. 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates Smokeless Powders, and 
Celluloid. ByP. Gerald Sanford F. 1 C., Consulting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8\o. cloth. 9 0 
Me of the very few text-book-, m which can 1 e f> muljiist what is wart*-il Mr Sanford 
goes s*f ulily through the whole list of explosives ctinnu-nl} used, he names anv given explosive, 
and tells us of what it is composed and how it is manufactured The book is e <ce’lcnt throughout. 1 
— , he Engineer 

A handbook on modern explosives. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton, 
W ith Chapters on Explosives in Practical Application. By M Einsler. M K. 
Second Edition, Enlarged. Crown 8vo, cloth 12/0 

“ \ veritable mine of lnformati m ri. the «ubjt< t of e\p*. eives employed for m I’t.iry, m mmg 
and Ma-ting p> rposes ’ — 1 > >./ _v tm,i ,\.nn („r.^v 

dangerous goods. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c- By H. Joshua 
Phillips, F I C., F.C.S. Crown 8vo, 374 pp , cloth .... 9/0 

“ Merits a wide circulation, and an intelligent, appreciative study ."— Che mUal News 
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A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. IBy John Lomas, Alkali Manufacturer. With 232 Illustrations 
and Working Drawings, Second Edition, with Additions. Super-royal Svo, 
doth £1 lOs. 

44 We find not merely a sound and luminous explanation of t.'ie chemical principles of the 
trade, but a notice of numerous matters which ha\e a most imDortant bearing on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technological 
authors. ' — Chemtca J Review . 


THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 5/0 

“ The student who goes conscientiously through the course of experimentation here laid d j \\ n 
will gam a better insight into inorganic chemistry and mineralogy than if he had * got up ’ any ot the 
best text-books of the day, and passed any number of examinations in their contents " — Chemual 
N ervs.^ 


THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown Svo, cloth . 7/6 

“There is no other work which covers precisely the same ground. To students preparing 
for exanimations in dyemg and printing it will prove exceedingly useful — Chemical News. 


A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modern Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth . ... ... 12/6 

“ May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a resume of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and well-established facts, —Brewers' 
Journal. 

“ We ha\e great pleasure in recommending this handy book, and have no hesitation in saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
In this country, it should have a place on the shelves of every brewers library."— Brewers' 
Guardian 

“ Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hours duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters "—Chemical Trade Journal 


FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 
“ Ought to have its place in the laboratory of every metallurgical establishment and where\er 
fuel Is used on a large scale. ' — Chemical Ntw s. 


THE ARTISTS’ MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, , with Tests of Purity. By H. C. Standage. Third 
Edition. Crown 8vc, ck-th 2/6 

“ This work is indeed multum-in-pano, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers, or users.' — Chemical Renew. 

A POCKET-BOOK OF MENSURATION AND GAUGING. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Manx, Inland Revenue. Second Edition, 

Revised. zSmo, leather 4/0 

“ Should be in the hands of every practical brewer. — Brewers' Journal, 
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INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechani* al Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J Wai i is-'J'avi f r, A M. Inst. C. K. Medium Svo, 46S pp With 2x3 
Illustrations . . ...... Net 250 

St MM ARY OF fi »N 1 1 \ I s 

NF.CHVMCU Cn.I|\AilO\(li: IIUACF OF 1 HE S« ML — PL’XKING OR (Jvi HFRING 
THE I.FAl — TFA. 1 ' XCloKII's. —THE DREEING MtMFACll KF., OR PRFPVRYIION 

of Te \ i! y Mechanical mf — ariiki'hl wuhfring of the leat — 
Machines for Roiling or curling the I.eaf — fervfnt ing Process — 
Machines for the Auiommic drying or firing of the Leaf.— Machines for 
NON’-ACTOM at IC DFYING OR FIRING OF I HE LEAF.— DRYING OR FIRING M ACHINES 
— BREAKING OR CL IT jXG. AM) SOP I ING MACHINES —PACKING THE TEA— MEANS 
ofTpansfort on Tea Plant mions — miscfll\nf<» s machinery and Apparatus. 

— riNAL Treat ,IEN 1 OF THF. 1 'F A — T.AF-I AND MF.VCiRVNDA 

“ The subject of tea machinery is now one of the tir-t m'er^st to a large class of people, to 
whom we strongly commend the volume —CJmwfet cf Common.* Join ua! 

“ When tei planting was first introduce.! into the British possessions little if any, machinery 
was employed, but now us use is almost universal 1 his voh me <-..ntams a very full account of the 
machinery necessary for the proper outfit of a factory , nut also a description of the processes best 
carrm-l out by this machinery —Join nal Sot tetj of At ft 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 
Regierungsrath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powi.es, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 

Plates, and 167 Woodcuts. Royal 8vo, cloth £1 5 s. 

“This invaluable work is, and will remain, the standard authority on the science of milling . . . 
The miller who has read and digested tins work will have laid the foundation, SO to speak, of a 
successful career , he will have acuutred a number of general principles which he can proceed to 
apply In this handsome volume we at last have the aese pted text-book of modem milling in good, 
so md F.nglish. which has little if any. trace of the German idiom — 7 he Miller 

“ The appearance of this celebrated work m Ttiglish g very o:i,ortune "id J’.r.tish millers 
will, we are sure, not be slow in availing themselves of it'- p 14c — !/* <■ C 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing. Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 3 vo, cloth . . 71 6 

“Thiv m\ ah able volume na distinct advance in the literature of cotton manufacture"— 
.!/*> Jnnety 

“ It is thoroughly reliable, fulfilling nearly all the requirements desired " — Glas^crw Herald 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis* 
Tayi.er, A. M. Inst C. E., Author of “ Refrigerating Machinery,” &c. With 
upwards of 300 Illustrations. Crown 8vo, cloth ..... 10/6 

“The Iaree trade that is done in the component parts of bicycles has placed in the way of 
men mechanically inchned extraordinary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for ail these who aspire to the manufacture or repair of their own 
machines ” — 1 he Field 

“ A most comprehensive and up-to-date treatise.’ — The Cycle. 

“A verv useful book, which is quite entitled to r?.nk as a standard work for students of cycle 
const ractior. 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

A J Wai lis-Tayler, Assoc. Me mb. Inst. C E , Author of “Modern 
Cycles, ’ 6cc. 212 pp., with 76 Illustrations Crown ovo, c’oth . . 4-/6 

“The book is clearly expressed throughout, and m just the sort ot work tint an engineer, 
thinking of turning his attention to n ot^r-carnage work, would d<> well to rc id a-. ,1 preliminary to 
■darting operations ."— } .0 tnetn k 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess and Receipts, for the 'lieatment of Hides, 
Shins, and Pelts of e\ery Description. l>y L. A. Flemming, Practical Tanner. 
Upwards of 400 pages,. Svo, cloth. [Just Published, Uet 25,0 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt. Fourth Edition. Crown 8 vo cloth. 

9/0 

“ A sound, comprehensive treatise on tannin,; and its accessories. The book is .111 eminently 
valuable production, which redounds to the credit of both author and publishers." Chemical 
Review. 

THE ART OF SOAP-MAKING. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many Xew Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on Modern Candlemakmg. Crown 8 vo, cloth . 7/6 

•'The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wisiies to understand the tneory of his art — Chemical News 

“ A thoroughl) practical treatise We congratulate the author on the success of Ins endeavour 
to fill a void ill English technical literature. —A ature. 

PRACTICAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clapper ion, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8 vo, cloth . . 5/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c , whilst 
his manual will be found of great service to students of technology, as well a* to veteran paper- 
makers and null owners. The illustrations form an excellent feature. — The H'utid s Paper Trade 
Review. 

THE ART OF PAPER-MAKING. 

A Practical Handbook of the Manufacture of Paper fiorn Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Wait. With Illustrations. Crown 3vo, cloth . . 7/0 

"It may be regarded as the standard work on the subject. The book is full of valuable 
information The ‘Art oi Paper-Making ' is 111 e\er> respect a model of a text-book, either for a 
technical class, or for the private student. —Paper ana Printing lraa.es Jemma,. 

A.JTREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy 8 \o, doth 3/6 

CEMENTS, PASTES, GLUES, AND GUMS. 

A Practical Guide to the Manulacture and Application of the various Aggluti- 
nants requited m the Building, Metal-Working, Wood-Working, ana Leather- 
Working Irades, and for Woikshup and Otlice Use With upwards of 900 
Recipes. By H C- Standage. 1 bird Edition. Crown Svo, cloth . 2/0 

"We have pleasure in speaking tavuurublj ot this volume bo far as we have had 
experience, wnioh is not inconsiderable, this manual is trustw jrth> '—Athenaum. 

THE CABINET-MAKER’S GUIDE 

IO TUB ENTIRE CON.S I RL'CI ION OF CABINET WORK. 

Indujii.c, Ventti M...<|‘.etu BuMwoil , M&s.u., Inla>uu, &.c By 

Richard Biimlad lllus.ij.Uc with Plans. >cclions, and W orbing Diuwmgs. 
Small crow u evo clctli • -2,6 

FRENCH POLISHING AND ENAMELLING. 

A I*Kd..u.al Wv.k d I : s.i tiC ion 1 1 ciudmg Numerous Recipes fci making 
Polishes Yar..i-hcs ( ,ii 7 .-l» cqun- Kevivcis &c B\ Kiuiakd Biimlad, 
Author of ‘*'1 he Cabu.ct Make: s GnuL." Small crown Svo, cloth , 1 '6 
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WOOD ENGRAVING. 

A Practical and Ea-y IntioduUion tv the Study of the Art. By W. N Brown. 

i 2 ino, cloth .... 1/6 

“The book is clear and comjilete, and will be useful to any one wanting to understand the 
first elements of tne beautiful art of wood engraving — Graphic. 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from toe French of Claudius Saunter, ex-Director of the School 
of Horology at Macon, by Julies' Trillin, F.R.A.S., Besan^on Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-roj al &vo, £2 2s. cloth; half-calf . . . £2 10s. 

“ There is no h<" ” " * ’’is produc- 
tion of M Saumer s fc jdent and 

as a reference for the 

“ The latest, ilu , . . to which 

continental watchmakers are indebted for the mechanical snpenonty over their English brethren 
—in fact, the Book of Books is M. Saun»er 5 * Treatise ’ ' — Jt'at<.hniakdr, Jeweler, and Stlversmi0t. 

THE WATCH ADJUSTER’S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Spiinging, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. E. Fritts. 370 pp., with Illustrations, Svo, cloth . . . 16/0 

THE WATCHMAKER’S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Sauniek, and enlarged by Julien Trii-llin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. Crown Svo, cloth. 

9/0 

“ Each part is truly a treatise m itself The arrangement is good and the language is clear 
and concise It is an admirable guide for the joung wajc'in.aKer —En jiniertng 

“It is impossible to spe »k too hghly of us excellence It fulms ever} requirement in a 
handbook intended for the use of a workman Shoull he found m ever} wurkohop '—ll'atch and 
Clot kina Kev 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B H. Inst. 1 6 boaius ; or cloth, gilt . 2/6 

“Tne best which has yet appeared on this sut-ject in tr.e Eiu'liah language '—Industries. 
“Open tne book wnere you may, tuere is 11 ter- sti g matter 11 . 1 : concerning the ingenious 
fit \ ices ot tne ancient or modern horuloger —Sadi' aaj Kez int, 

ELECTRO-PLATING&ELECTRO-RE FINING OF METALS. 

Being a new edition o f A l: xa i»i it W. . 1 ‘ Li.tu'i 1 o-I >1 hmhov,” Re- 

vised and I.ar fc cl\ Rcuntie-n \>\ A«. .■ !.:• I’nn 11 . B . A I L.E., Piinupal 
Assistant to the Admiral lv Chtmi*.t 1. pgt. Clown o\o, cloth. 

lj list Published. Set 12 6 

“Altogether the work can te 1 igl 1, iccon men !> to e-very electro pi iter, and is of un- 
doubted interest to t\ cry c’ectri' met riurgi' - — / 1 1 . : .■ 

“fc.imtu.ntly a bums for the pnctie.il w jrker in * leetro-depusition It contains practical 
descriptions of methods, preces^es ami materials as .ictu il.} pursued and used m the workshop."— 
L ngmccr. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. i 2 mo, cloth ' 3/6 

“ From tins book both amateur ami artisan may learn ever} thing necessarj for the successful 
prosecution of electroplating — Iron 

JEWELLER’S ASSISTANT IN WORKING IN GOLD. 

A Practical^ 1 realise for Masters and Workmen, Compiled from the Experience 
of Thirty \ ears' Workshop Practice. By George E. Gle, Author of “The 
Goldsmith’s Handbook, ’ &c. Crown 8 vo, cloth ..... 7/6 

. _ " This manual of technical education apparentl} destined to be a valuable auxiliary to a 

hm.iicrait which is certanil} capable ot great Impra.ei. ent ' — I an 7 tines. 
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ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c , &c. By J."W. Uk^uhart, C.E. Fourth 
Edition, Revised. Crown Svo, cloth ...... 5/0 

'* An excellent practiced manual.' — Engineering 

“ An excellent wortc, giving the newest information.” — Horologual Journal. 

ELECTR0TYP1NQ. 

The Reproduction and Multiplication of Printing Surfaces and Works cf Art 
by the Electro-Deposition of Metals. By J. W. Uk^uhart, C.E. Crown 8vo, 

cloth - 5/0 

“The hook is thoroughly practic il; the reuler is, therefore, conducted through the leading 
laws of electricity , then through the inenis used by elect rot > pers, the apparatus, and the depositing 
processes, up to the final preparation of ti.e work ’ — Art Journo.. 

GOLDSMITH’S HANDBOOK. 

By George E. Gee, Jeweller, &c. Fifth Edition. 12P.10, cloth . . 3/0 

“A good, sound educator, and will oe generally accepted as an authority. ’ — Horologtcai 
Jouma ... 

SILVERSMITH’S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustra- 
tions. 121110, cloth * 3/0 

“Tne chief merit of the work is its practical character. . The workers in the trade will 
speedily discover its merits wlien they sit down to study u ’ — English Mechanic. 

The above luo wot ns together, strongly half -bound, price 7s. 


SHEET METAL WORKER’S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet- Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn. Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Horner, 
A.M.l.M.E. Crown Svo, 254 pp., with 430 Illustrations, cloth . . 7/6 

BREAD & BISCUIT BAKER’S & SUGAR=BOILER*S 

ASSISTANT. 

Including a large variety of Modern Recipes With Remarks on the Art of 
Bread -making. By Robert Wei.es. Third Edition Crown Svo, cloth . 2/0 

“ A large number ot wrinkles tor tne orumary cook, as well as the baker.' — Saturday Review, 


PASTRYCOOK & CONFECTIONER’S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of “ The Bread and Biscuit Baker.” Crown 8vo, 
cloth 2/0 

“ We cannut speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than y urcliase this took. — Rakers limes. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakeis, Confectioners and Pastrycooks ; including a variety of 
Modern Keeipts, and Remarks on Decorative and Coloured Work. With 129 
Original Designs. By Roblki Wells Second Edition. Crown Svo, cloth. 

5/0 

“A valuable work, practical, ami should be in the hands of every baker and confectioner. 
The illustrative designs are alone worth treble the amount cnarged for the wnoie work. — Bakers' 
Times 


MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 
remarks on the Ingredients Used m then Manufacture. By RobERT Wells, 
Author of ** The Bread and Biscuit Baker," &c. Crown Svo, cloth . 2/0 
"The work is ot a decidedly pn* tic.ii character, and in every recipe regard is had to economical 
working. — l\orth Britan L'auy Man 


RUBBER HAND STAMPS 

And the Manipulation of Rubber A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small A: tides of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By I\ U Conor Sloane, A. Si., 
Ph.D. With numerous Illustrations. Square hvo, doth. . . . 6/0 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of “ Work " (New Series), Author of “ Lathe Work/' “ Milling Machines," &c. 
Crown 8vo, 144 pp , price is each. 

These Handybooks have been wntten to supply information for Workmen, 
Students, and Amateurs m the several Handicrafts , on the actual Practice of 
the Workshop, and a.e intended to convey tn plain 'language Technical Know- 
ledge of the several Crafts In describing the processes employed , and the manipu- 
lation of material, workshop terms ate used , wovRshop practice is fully explained ; 
and the text is freely illustrated ivith drawings of modern tools, appliances, and 
processes. 


METAL TURNER’S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With 100 Illustrations. 

. 1/0 

" The book will be of service al'ke to the amateur and the artisan turner. It displays 
thorough knowledge of the subject. ’ — Scotsman 

WOOD TURNER’S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations. 

1/0 

" Me recommend the book to young turners and amateurs A multitude of workmen have 
hitherto sought m vain for a manual of thu special industry. — Mechanical 1 1 or.d 

WATCH JOBBER’S HANDYBOOK. 

A Practical Manuat on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations 1/0 

“ We strongly advise all young persons connected with the watch trade to acquire and study 
this Inexpensive work. — Curken-wed Chronicle 

PATTERN MAKER’S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of 100 Illustrations 1/0 

“A most valuable, if not indispensable manual foi the pattern maker." — Knowledge. 

MECHANIC’S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 
Memoranda Comprising about 200 Subjects . . . . - 1/0 

"A very clever and useful book, which should be found .n every workshop, and it should 
certainly find a place »n all technical schools — Saturday Review. 


MODEL ENGINEER’S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 
upwards of 100 Illustrations 1/Q 

“ Mr Hasluck has produced a very good little book —Builder 

CLOCK JOBBER’S HANDYBOOK. 

A Practical Manual on Cleaning, Repaiiing, and Adjusting. With upwards of 
100 Illustrations ............ 1/0 

“ It i> of inestimable service to those commenong the trade — Coventry Standard 

CABINET WORKER’S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of 100 Illustrations . . 1/0 

t “Mr Hasluck s thorough -going little H^ndybo«>kis amongst the most practical guides we 
* ave seen for beginners ill cat net-work.’ — Saturday Review 

WOODWORKER’S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 
^Employed in Woodworking With 104 Illustrations , * 1/0 

“ V\ ntten i»y a man win. knows not onlv how w..rk might to be o.-ne, t ut bow to do It, and 
hrw to coinev hi- kno-vi. dgt to ..tie r- — h?i^t>i,ert*ii 

“ Mr H is 1 '!' k writ- s 1 heir.itJy. and gives coi-mU-te mstriu tions. —B ngtneer 
l t H 'V ,ll “ *" .m ! riiU , ’» the e\j eriem t of a t.r ictie d teacher with the manipulative skill and 
scierti. c know h • ige of j im* sses of tlie tr unci iucciiaiucian, ami the manuals are marvels of vv h it 
car, f<rr 

„ os of experience " — Daily Chronicle. 

■ . , Rsviczo 
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LESSONS IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by James Gault, Professor of Commerce and Commercial 
Law in King’s College, London. Fourth Edition. Crown 8vo, cloth . 3/6 
“ The publishers of this work have rendered considerable service to the cause of commercial 
education by the opportune production of this volume . . . The work is peculiarly acceptable to 
English readers ami an admirable addition to existing class books In a phrase, we think the work 
attains its object in furnishing a bnef account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar." — Chamber of Commerce Jouma 

“ An invaluable guide in the hands of those who are preparing for a commercial career, and, 
in fact, the information it contains on matters of business should be impressed on every one.” — 
Counting House, 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . 4/6 

" Whoever wishes to correspond m all the languages mentioned by Mr Baker cannot do 
better than study this work, the materials of which are excellent and conveniently arranged They 
consist not of entire specimen letters, but — what are far more useful — short passages, sentences, or 
phrases expressing the same general idea m various forms." — Athenaum 

“ A careful examination has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good one." — Schoolmaster 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emile Garcke and J. M. Fells. Fifth Edition, Revised and Enlarged. 
Demy 8\o, cloth. [] ust Published. * 7/6 

" A very interesting description of the requirements of Factory Accounts . The principle 
of assimilating the Factory Accounts to the general comnicruu' books is one which we thoroughly 
agree with ' — Aaountants Journa. 

“ Characterised by extreme thoroughness There are few owners of factories who would not 
derive great benent from the perusal of this most admirable work. ’ — Lo<.a. Government Chronicle. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lowis D. A. 
Jackson, A. M. Inst. C. E., Author of “ Aid to Survey Practice,” &c. Large 
crown 8 vo, cloth ........... 12/6 

“We recommend the work to ail interested In the practical reform of our weights and 
measures ." — Nature 

A SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. ByC. H. Dowling, 
C.E. Svo, doth 10/6 

“Mr Dowling s Tables are well put together as a ready reckoner for the conversion of one 
system into the other — Athenaum. 

IRON AND METAL TRADES’ COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to 112s. per cwt., and from one farthing per pound to 
one shilling i>er pound. By Thomas Downie. Strongly bound in leather, 

396 pp 9 0 

" A most us« f»l set of tables, nothing like them before existed ' — Building Nevis 
11 Although sj-ei .ally adapted to the iron and metal trades, the tables wul be found useful m 
every other business m which merchandise Is bought and sold by weight." — Railway News. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 250,000 Separate Calculations, showing at a Glance the 
Value at 422 Different Kates, ranging from j^th of a Penny to 20s. each, or per 
cwt., and £-zo per ton. of any number of articles consecutively, from 1 to 470. 
Any number of cwts., qrs., and lbs., from 1 cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and Ids., from 1 to 1,000 tons. By William Chadwick, 
Public Accountant. Third Edition, Revised aad Improved. 8vo, strongly 


bound 1 80 

“It ib easy of reference for any answer or any number of answers as a dictionary. For 
making up accounts or estimates the book must prove invaluable to all who have any considerable 
qu intitj of calculations involving Drue and measure m any combination to do. — bngtneer. 

“The most perfect work, of the kind jet prepared. — Glasgow Hera.d. 


THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from 1 lb. to 15 tons, at 300 
Progressive Rates, from id. to 168s. per cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure correctness and 
promote despatch. By Henry Harben, Accountant. Fifth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound ..... £1 6s. 

“ A practical and useful work of reference for men of business generally ' — Ironmonger 
“Of priceless value to busmess men. It is a necessary book in all mercantile offices."— 
Sheffield Independent. 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit _after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from i£ to 90 per cent., Tables cf Discount from ij to 98^ per cent., 
and lables of Commission, &c., from g to 10 per cent. By Hfnky Harben, 
Accountant. New Edition, Corrected. Demy Svo, half-bound • <£1 5 s. 
“ A book such as this can only 1 e appreciated by business men, to whom the saving of time 
means saving of mvnej. 1 be .vurk must prove of great value to merchants, manufacturers, and 
general traders —British Trade Journal. 

TABLES OF WAGES. 

At 54, 52, 50 and 48 Hours per Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s to 55S. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound ...... 6/0 


IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 diffcient sizes of Iron Plates from 
1 foot by 6 in. by £ in. to 10 feet by 5 feet by 1 in. Worked out on the Basis of 
40 lbs to the squaie foot of Iron of 1 inch in thickness. By H. Burlinson 
and W. H. Simpson. 410, half-bound £1 6s. 



AGRICULTURE, FARMING, GARDENING, «•£. 


43 
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THE COMPLETE GRAZIER AND FARMER’S AND 

CATTLE BREEDER’S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
up to Present Requirements, by William Fream, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, Author of “The Elements of 
Agriculture," dec. Royal 8vo, i,xoo pp , 450 Illustrations, handsomely bound. 

£1 11s. 60. 
Book VII On the Breeding, Rearing, 
and Management of pouliry. 

Book VIII on Farm Offices and 
Implements of husbandry 

BOOK IX. UN THE CUL 1 URE AND MAN- 
AGEMENT of Grass Lands 
book X. On 1 he Cultivation and 
APPLICATION OF GRASSES, PULSE AND 
ROOIS 

Book XI On Manures and their 
Application to Grass Land and 
CROPS 

Book XII Monthly Calendars of 
Farm work. 

“ Dr Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the country. We believe 
that it will be found that it h .s no compeer among the many wonts at present tn existence. 

The illustrati .ns are admirable, wn«le the fruntispiece, .vtuch represents the well known bull, 
New Years Gift, 1 r« l by the Uueen is a work of art ' — 7 he Times 

“' r ~' - ' — - * 1 — - - 4 - oaition of the most exhaustive work 

1 t deals " — AUun.itii.tn 

. that exists in the English language 

. , . m and m the library of every land 

“In point of exhaustiveness and accuracy the work w.I! certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It IS, m fact, an agricul- 
tural ‘library of itself —A ’orth British. Agnauhit ut 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.LS., F.R S.E , &c., Professor of Agricuhuie and 
Rural Economy in the University of Edinburgh Third Edition, thoroughly 
Revised and considerably Enlarged. With over 120 Phototypes of Prize 
Stock. Demy Svo, 3S4 pp , with 79 Plates and Maps, cloth . . 1 2 /© 

“A realiy complete work on the history, breeds, and management of the farm stock of Great 
Britain, and one which is likely to rrnd its way to the shelves u! every country gentlemans library. 

— The Times. 

" Tne • Farm L..e Stock of Great Britain ' is a production to be proud of, and its issue not the 
least of the services which its author has rendered to agricultural science —Scottish Farmer 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConm ll. B Sc , Fellow of the Highland and Agricultural 
Society , Author of “ Elements of Farming. ’ Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. Svo, 400 pp , leather, -gilt edge" . . 0/0 

Content.- — surveying and Levelling.— weight sand measures —Machinery 

AND BUILDINGS — LAbUt k — OPERA 1 It*Ns — DRAINING — EMBANKING — GEOLOGICAL 
Memoranda — soils. — Manure? — Cropping — Crops - Rotations - weeds.— 
FEEDING — DAIRV ING —I. IV h S> I OOK — HOR'-Es — CAT! LE. — SHEEP.— PIGS.— POL LTKY.— 

Forestry.— H> jr i icvlt tre — M isCellaneous 

“ No farmer. «n<i certainly no agricultural student, ought to be without this muAum-tn-parz a 
manual of -ill snl connate i with the farm — A orth Hntisn A^ru it! tin is; 

ugriLuh 'i lu.-bu' *-' •'■'i'll tlim - i-Mb! kin Ihisl!., g bum w th’ud — .1 L v/.!-' , o;< - 

“The an. milt of tutor .i^aui. ir contains is most surprising , tne arrangement ot tne matter i- 
so o’eth «l c <1 -'Itn <\ >di • • • i r — as *o l»e intelligible to everyone who takes agia.iue t (trough 

its j ig-G lit - t« i n ..nil ml'Tin itu- i — / ,i> a >..x 11 

THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scimnhc \id to Piacucal Fanning. B\ Pkimuusi. MlCovm-U.. Vuthor of 
“ Note- Book uf A&i ictilti ral Facts and ivc R->\.d om>, Joth. 

[J- is.' J'ubUshcJ ^ e: 21 O 

“ t men rv j..gi till H'likli It- ll'- in , t< — - i i in > t< !> kn- .• k l„« ot the si.bj-.ot de il: 
v itn, >n t v-e 1, i o i,‘-*!nii^ 1 .,t un-tmte l ,-r l-e t > "ttt r ’ — / c.’.i 


Book I On the Varieties., Breeding, 
Rearing, Fati ening and Manage- 
ment OF CAHLE 

BOOK II ON THE ECONOMY AND MAN- 
AGEMENT of the Dairy, 
book III On the Breeding. Rearing, 
and Management of Horses 
BOOK IV ON IKE BREEDING, REARING, 
and Fattening of sheep 
Book v. on the Breeding, Rearing, 
and Fattening of swine 
Book VI. On the Diseases of Live 
Stock. 
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BRITISH DAIRYING. 

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy* 
Farmer. By Prof. J. P. Sheldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/0 

“ Confidently recommended as a useful text-book on dairy fanning.’ — Agricultural Gazette. 
“ Probably the best half-crown manual on dairy work that has yet been produced ." — North 
British Agriculturist 

“ It is the soundest little work we have yet seen on the subject." — The Times. 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and 200 Illustrations. Crown 3 vo, cloth. 

7/6 

" An exhaustive and masterly production. It may be cordially recommended to all students 
and practitioners of dairy science." — North British Agriculturist 

" We recommend this very comprehensive and carefully-wntten book to dairy-farmers and 
students of dairying. It is a distinct acquisition to the library of the agriculturist " — Agricultural 
Gazette. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modern Farm 
Practice for Small Farmers. By R. Scott Burn, Author of “ Outlines of 

Modern Farming,” &c. Crown 8vo, cloth 6/0 

“ This is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure, anil accept as a guide.”— Fie.d. 

OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming and Farming 
Economy — Cattle, Sheep, and Horses — Management of Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 12/0 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Cates ; Farm Buildings ; Barn Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp , half-bound, with over 600 Illustrations. 

12/0 

“W ntten with great care, as well as with knowledge and ability The author has done his 
work well, we have tound him a very trustworthy guide wherever we have tested hts statements. 
The volume will be of great value to agricultural students.”— Mark Lane Express. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agricultuie. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 
i8mo, cloth ............. 2/0 

11 It a 1< mg tune since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund ut knowledge. — hctmattonal limes 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS, 
AUCTIONEERS. &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 272 pp., waistcoat-pocket size, iimp leather . . . . 1/6 

“Weighing less thin 1 oz , and occupying no more snace than a match box. It contains amass 
of facts and calculations which has never oefore, in sticn handy form. neen obtainable Every 
operation on the farm is dealt with The work may be taicen as thoroughly accurate, the whole of 
tne tables having been reviseu by Dr. bream We cordially recommend it "—Bell's Weekly 
Messen * er 

THE ROTHAMSTHD EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Parc I. S'l ock. Part II. C Hops. By C. J. R. Tippp:r. Crown 8vo, clotb. 

a/e 

We have no doubt that the \ 00k will lie welcoii ed by a larte class 01 farmers ami others 
interested in agriculture.'’— ±tanda?a. 
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FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses A Handbook for the Practical Farmer. By 
Bernard 1 >yer, D.Sc. (ix>nd.) With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, &c. Third Edition, Revised. Crown 8vo, cloth. . 1 IQ 

“This httle book is precisely what it professes to be — ‘A Handbook for the Practical 
Fanner Dr. Dyer has done fanners good sen ice in placing at their disposal so much useful 
information in so intelligible a fonn. — The Times. 


BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper . . , . . 1/0 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown 8 vo, cloth. [Just Published. 2/6 

“The volume is a capital study of a most important subject " — Agricultural Gazette. 


WOODMAN’S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 


Year. By Johnson M Woodman, Chartered Accountant. Second Edition. 
Folio, half-bound Net 7/6 

“ Contains every requisite for keeping farm accounts readily and accurately ."— Agriculture 


THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 
By Samuel Wood. Crown 8vo, cloth 3/6 

“ A good book, containing a great deal of valuable teaching ’’ — Gardenet s' Magazine. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fourth 
Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 3/6 

'■ A very good book, and one to be highly recommended as a practical guide The practical 
directions are excellent " — Atherururn. 


MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce .£620 a year, by the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers m Three Glass Houses, 
so as to realise ,£176 per annum clear Profit. By Samuel Wood, Author of 
“ Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . , . 1/0 

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur’s Complete Guide. By S. Wood. Crown 8vo, cloth . 3 6 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato 


By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of “Gardening Illustrated ' Crown 3 vo, cloth. 

3/6 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 


f NWOOD’S TABLES FOR PURCHASING ESTATES 

AND FOR THE VALUATION OF PROPERTIES, 

Including Advovvsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c , &c. 26th Edition, Revised and Extended by William Schooling, 
F.R A S , with Logarithms of Natural Numbers and T homan's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Published. Net 8 0 

" Those interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions m annuities, life insurances, &c , will find the present edition of 
eminent service ." — Engineering 

"Tins valuable took has been considerably enlarged and improved by the labours of 
Mr Schoi.hi'g, and 1-, now very' complete indeed.’* — Economist. 

“ Altogether this e htion will prove of extreme value to many classes of professional men in 
saving them many long and tedious calculations.’ — /mes tors' Retie w. 


THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c- By 
John Wheeler, Valuer, &c. Sixth Edition, Re-written and greatly Extended 
by C. Norris. Royal 32mo, cloth 5/0 

“ A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, &c. '--Standard. 

“ Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices fo» 
inventories, and a guide to determine the value of interior fittings and other effects .’’ — Builder 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/6 

“The work is one of general excellent character, and gives much information in a com- 
pendious and satisfactory form. '—Builder. 

“ May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable form.'' — La-w Journal. 


THE AGRICULTURAL VALUER’S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts. &c. By Tom Bright, Agricul- 
tural Valuer. Author of “The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1SS3 and 1900. Crown 8vo, doth . Net 6/0 

“ Full of tables and examples in connection with the valuation of tenant-nght, estates, labour, 
contents and weights of timber, and farm produce of all kinds ’—Agricultural Gazette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all kinds. ’—Farmer. 


POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
Svo, cloth 3/6 

•• •«? valuers, foresters and agents it will be a welcome aid "—North British Agriculturist. 
Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest 
an . use Doth to surveyors and auctioneers m preparing valuations of all kinds. ’— Kent Herald. 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT’S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Brtght, Agricultural Surveyor and Valuer, Author of “The Agri- 
cultural Valuer’s Assistant,” &c. With Illustrations. Fcap. 8 vo, Leather. 

Net 7 6 

“ An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have tins comprehensive handbook accessible 
for reference n —I.zve Stock Journal 

** It is a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certiui to prove of much service to those to whom it is 
addressed ” — Sco'sman. 


THE LAND VALUER’S BEST ASSISTANT. 

Being Tables on a very much Improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c By R. Hudson, C.E. New Edition. 
Royal 32mo, leather, elastic band . . . 4 0 

•‘Of incalculable value to the country gentleman and professional man "—Fanners' Journal. 

THE LAND IMPROVER’S POCKET-BOOK. 

Comprising Formulas, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property By John Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4 0 

“ A compendious and handy little \olum e."—S/ectator. 


THE LAND VALUER’S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 


HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth Edition, iamo, cloth 6/0 

“ The advice is thoroughly practical .” — / ato Journal 

“ For all who have dealings with house property, this is an indispensable guide ” — Decoration. 
“ Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
A well-written and thoughtful work ." — Land Agents' Record. 


LAW AND MISCELLANEOUS. 


MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
P>. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2 0 

“This invaluable guide to journalism is a work which all aspirants to a journalistic career will 
read with advantage — Jouma.ist 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works. &c. 
By L. L Macassey, of the Middle Temple, Barrister-at-Law, M.I.C E. 
8 vo, doth £1 5 Si 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. In->t. C.E., &c. Demy 8 vo, cloth . - 1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the' 
Question at Home and Abrcad. By J. S. Jeans. Crown Svo, 200 dp., 
doth ..... .... . 2/6 
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EVERY MAN’S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. By A Barrister. Fortieth Edition, carefully 
Revised, and including New Acts of Parliament of 1002. Comprising the 
Licencing Act , 100 2; the Shof Clubs Act. IQ02 ; the Midimi'es Act, IQ02 ; 
the Cmnati on Act, IQ03, and ocher enactments of the year. Judicial 
Decisions during the year have also ^een duly noted Crown avo, 800 pp , 
strongly bound in cioth \J u $t Published . 6/8 

This Standard Work oj Reference forms a Complete Epitome of the 
Laws of England, comprising ( amongst other matter ) , 


THE RIGHTS AND WR« >\'GS oF IND1VIDC \LS 


LANDLORD AND TENANT 

Vendors vnu purchasers 
Leases and Mortgages 
JOINT-STOCK COMPANIES 
Masters, servants and workmen 
Contracts and agreements 
Money Lenders, suretiship 
I' VRTNERSHIP, SHIPPING, Lav\ 

S ALL AND PURCHASE OF GOODS 
CHEQUES. BILLS AND NOTES 
Bills of Sale, bankruptcy 
Life, Fire, and Marine insurance 

Lr’il. AND M.ANDPR 


CRIMINAL Law 
parliamentary Elections 
COUNTY COUNCILS 
District and Parish Councils 
Borough Corporations 
TRUSTEES AND EXECUTORS 
Clergy and Church a* ardens 
Copyright, Patents, trade marks 
Husband and wife. Divorce 

INFANCY. CUSTODY uF CHILDREN 
PUBLIC HEALTH AND NUISANCES 
INNKEEPERS AND SPORTING 
T AXE’S AND DEATH DUTIES 


Forms of Wills, agreements, notices, &c 


The object of this work is to enable those who consult tt to help themselves to the 
law ; and thereby to dispense , as Jar as possible, with professiona. assistance an x aavxce. There 
are many wrongs and grievances which persons submit to from time to time through not 
knowing how or where to apply for redress , and many persons have as great a dread of a 
lawyers office as of a liens den It'ith this book at hand tt is believed that many a SlX-AND- 
ElGHTPENCE may be saved , many a wrong redressed ; many a right reclaimed , many a law 
suit avoided , ana many an ezi . abated The work has established itselj as the standard legal 
adviser of all classes, and has a;so made a reputation for itself as a useful book of rejerence for 
lawyers residing at a distance from law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments 

h* Opinions of the Press. 

“The Amount of mfbnmti' -n given in tlu* \i-Iiuic 1-. simply wonderful. The continued 
p 1 tnt> of the w jrk iln i *\i tii.it it fulfils a useful purpose — lav fen. nal. 

" As a book of refetnee this \._.lume is without 1 m il — Pa 7 Ma.l (,a;>‘t‘e 
“ No Eng’ sl’inru- ougnt to be i.i*U.>ut this book —b 7 . 

‘ 1 Light to lie in *-.er\ bus* ness establishment «nd in all hi rariea — S' >'fi. ’ i P'st 
' Thu ‘t oiicise Du tmiiary’ adds consnltr.it>l> to its value — ll\ ttmuste* Gazette 
“ It Is a complete code ol English Law written in plain language, which all can understand. 
. . . Should be in the hands of every business ,man, and all who wish to abolish lawyers’ bills." — 
ffeekly Times. 

“ A useful and concise epitome of the law. compiled with considerable care. ’—Law Magazine. 
" A complete digest of the most useful facts which constitute English law." — Globe 
“ Admirably done, admirably arranged, and admirably cheap ’ — Leeds Mercury 
“ A concise, cheap, and complete epitome of the English lr.-v. So plainly written that he who 
runs may read and he who reads may understand " — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful one.” — Spectator 


LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
L)avid Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttley, 
Solicitor. Fcap. 8vo, cioth . . . . . . . . < 3/6 
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vveale's scientific and technical series. 


CIVIL ENGINEERING & SURVEYING. 


Civil Engineering. 

By Hpnry Law, M.Inst.C.E Including a Treatise on Hydraulic 
Engineering by G. R Blrnell, M I.C.E. Seventh Edition, revised, 
with Large Additions by L>. K. Clark, M.I C.E. . . . 6/6 

Pioneer Engineering: 

A irea Ne on the Engineering Operations connected with the Settlement of 
Waste I ands in New Countries By Edward Dobson, M.Inst.C E. 
With numerous Plates. Second Edition ...... 4/6 

Iron Bridges of Moderate Span: 

Their Construction and Erection. 1?> Hamilton W. Pendred. With 40 
Illustrations ............ 2/0 

Iron and Steel Bridges and Yiaducts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draught men, and Students. B\ Francis C ampin, C L. With numerous 
Illustrations 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Cam pin, C.E .... 3 /Q 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Biidges. By G. Devspm e 
Dempsey, C.E Fourth Edition 2/0 

Materials and Construction : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works o f Construction. By Francis Campin, C.E. . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charles Slagg, Assoc. M.Inst.C.E. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: J. The Art of Constricting Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E ; II. Recent Practice: In- 
cluding Pavements of Wood. Asphalte, & c. By D. K. Clark, C.E. 4/6 

Gas Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, C.E 
Re-written by William Richards, C.E. Eighth Edition . . 5/6 

Water Works 


For the Supply of Cities and Towns. With a Description of the Principal 
Geoloeical Formations of England as influencing Supplier of Water. Bv 
Samuel Hughes, F.G.S., C.E. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

Wells and Well-Sinking. 

By John Geo. Swindell, A.R.I.B.A.,and G. R. Burnell, C.E. Revised 
Edition. With a New Appendix on the Qualities of Water Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent 
Practice, by D K. Clark, M.I.C.E. Third Edition . . , 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.C.B 1 /0 

Foundations and Concrete Works. 

With Practical Remarks on Footing*, Planking, Sand, Concrete, B£ton. 
File-driving, Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. 
Eighth Edition ’ « 
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Pneumatics, . 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charles Tomlinson, F R.S. Fourth Edition . 1/6 

Land and Engineering Surveying. 

For Students and Practical Use. ByT. Baker, C.E. Eighteenth Edition, 
Revised and Extended by F. E. Dixon, A. M. Inst. C.E., Professional Asso- 
ciate of the Institution of Surveyors. With numerous Illustrations and two 
Lithographic Plates ...... [Just published 2/ 0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modern Engineering. By T. Baker, C.E. New 
Edition by E. Nugent, C.E 1/6 


MINING AND METALLURGY. 

Mining Calculations, 

For the use of Students Preparing for the Examinations for Colliery- 
Managers’ Certificates, comprising numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O’ Donahue, M.E., 
First-Class Certificated Colliery Manager. [Just published. 3/6 

Mineralogy, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged Woodcuts and Plates . 3/6 

Coal and Coal Mining, 

A Rudimentary Treatise on. By the late Sir W arington W. Smyth, 
F.R S. Eighth Edition, revised by T. Forster Brown . . . 3/6 

Metallurgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores. Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F G S. With numerous 
Illustrations. Sixth Edition, revised and enlaiged .... 5/0 

The Mineral Surveyor and Valuer’s Complete Guide. 

By W. Livtern. Fourth Edition, witn an Appendix on Magnetic and 

Angular Surveying 3/6 

Slate and Slate Quarrying : 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. With 
numerous Illustrations and Folding Plates Fourth Edition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Edition . . -1/6 

Subterraneous Surveying, 

Witn and without the Magnetic Needle. ByT. Fenwick and T. Baker, 

C E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines ......... 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to ........ 4/6 

Physical Geology, 

Partly based on Major-General Portlock's “ Rudiments of Geology.” 
By Ralph Tate, A. L S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Maior-General Portlock’s “ Rudiments.’* By Ralph 
Tate, A.L.S , &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of “ Physical Geology,” which sets forth the Leading Principles 
of the Science; and “Historical Geology,” which treats of the Mineral 
and Organic Conditions of the Earth at each successive epo;h. By Ralph 
Tate, F G S. ^ AIQ 
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MECHANICAL ENGINEERING. 

The Workman's Manual of Engineering Drawing. 

By John Mutox, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams , 3/6 

Fuels : Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Third Edition . . . . .2/0 

Fuel, Its Combustion and Economy. 

Consisting of an Abridgment of “ A Treatise on the Combustion of Coal and 
the Prevention of Smoke.” By C. W. Williams, A.I.C E. With Exten- 
sive Additions by D. K Clark, M. Inst. C.E. Fourth Edition . 3/6 
The Boilermaker’s Assistant 

In Drawing, 1‘emplating, and Calculating Boiler Work, &c. By J. Court- 
ney, Practical Boilermaker Edited by D. K. Clark, C.E. . 2/0 

The Boiler-Maker's Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.C.E. Fourth Edition 4/0 

%* The last two Works in One Volume , half-hound , entitled “ The Boiler- 
maker’s Ready-Reckoner and Assistant.” By J. Courtney and 
D. K. Clark. Price~[!Q. 

Steam Boilers : 

Their Construction and Management. By R. Armstrong, C.E. Illustrated 

1/6 

Steam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Povvis Bale M Inst.M E 2/6 

Steam and the Steam Engine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition 3/6 

The Steam Engine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men By T. Baker, C.E 1/6 

The Steam Engine. 

By Dr. Lardner. Illustrated 1/6 

Locomotive Engines, 

By G. D. Dempsey, C.E. With large Additions treating of the Modern 
Locomotive, by D. K. Clark, M. Inst. C.E. ..... 3/0 

Locomotive Engine-Driving. 

A Practical Manual for Engineers in charge of locomotive Engines. By 
Michael Reynolds. Tenth Edition. 3 s. bd. limp ; cloth boards . 4/6 

Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. 3 s. 6<l- limp ; cloth boards . 4/6 

The Smithy and Forge. 

Including the Farrier’s Art and Coach Smithing. By W. J. E. Crane. 
Fourth Edition - 2/6 

Modern Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. WiNTim 

Fourth Edition, Illustrated 3/6 

Mechanical Engineering. 

Comprising Metallurgy. Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition .... 2/6 
Detans of Machinery. . 

Comprising Instructions for the Execution of various Works in Iron in 1 the 
Fitting-Shop, Foundry, and Boiler-Yard. By Francis Campin, C.E. 3/0 
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Elementary Engineering : 

A Manual for Young Marine engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, &c. 
By J. S. Brewer. Fourth Edition 1/6 

Power in Motion: 

Horse-power Motion, Toothed- Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armour, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J Armour, C.E. 2/6 

Practical Mechanism, 

And Machine Tools By T. Baker, C E. With Remarks on Tools and 
Machinery, by J. Nasmyth, C.E 2/6 

Mechanics : 

Being a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinson, F. R.S. . -1/6 

Cranes (The Construction of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c. By Joseph Glynn, F. R.S 1/0 


NAVIGATION , SHIPBUILDING , ETC. 

The Sailor’s Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W H. Rosser . 2/6 

Practical Navigation. 

Consisting of The Smlok's Sea-Book, by James Greenwood and W. H. 
Rosslk ; together with Mathematical and Nautical Tables for the Working 
of the Problems, by Henry Law', C.E., and Prof. J. R. Young. 7/0 

Navigation and Nautical Astronomy, 

In The i >ry and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 

R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

ALo Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes, 
&c., relame to every cla^s of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 

Kipping, N.A 2/6 

Marine Engines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoioughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . 4/6 

Naval Architecture : 

An Exposition of Elementary Principles. By James Peake . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommerfeldt . 1/6 

Atlas of Engravings 

To Illustrate the above 1 welve large folding Plates. Royal 4 to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Xi .i’t Editi >n, w.th numerous Illustrations and 
Models ... 1/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buddings. By Francis 
Campin', C.E 3,6 

Building Estates : 

A Treatise on the Development, Sale, Purchase, and Management of Du Id- 
ing Land. By F. Maitland. Third Edition 2/0 

The Science of Building : 

An Elementarv Treatise on the Principles of Construction. By E. Wvnd- 
h am Tarn, M.A. Lond. Fourth Edition ...... 3/6 

The Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Q C. (Lord Grim* 
thorpe). Second Edition 4/6 

Dwelling-Houses (The Erection of), 

Illustrated by a Perspective View. Plans, and Sections of a Pair of Villas, w ith 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Brice Allen. Eleventh Edition, with Chapter on Economic Cot- 
tages for Allotment-,, by E. E Allen, C.E 2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Bull lings By Pro- 
fessor 1. Rih.pr Smiih, KR.I B.A. New Edition. Revised . . 1/6 

The Rudiments of Practical Bricklaying. 

General Principle-, of Bricklaying ; Arch Drawing. Cutting, and Setting: 
Pointing; Pi. wng, Tiling, &c. By Adam Hammond With 63 Wujdcuts 

... 1/6 

The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings 1/6 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, C utting and Setting ; with the Application of Geometry to R<»of 
Tiling, dec. By F. Walker 1-6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of ; containing an Outline of the 
Principles of Brick making. By b . Dobson, M.R.I.B.A. Additions by 
C. Tomlinson. F.R &. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising. Brick and Tile Making, by E. Dobson, M.Inst.C.E.; 
Practical Bricklaying by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustratious, half-bound . . 6/0 

Carpentry and Joinery — 

The Ei fmkntary Princum es of Carpentry. Chiefly composed from the 
Stand ird Work of Thomas Tredgold, C.E. With Additions, and Treatise 
on Joinery, by E. W Tarn, M.A. Seventh Edition . . . 3/6 

Carpentry and Joinery — Atlas 

Of 35 Plate-, to accompany and Illustrate the foregoing book. With 
Descriptive Letteruresa. 4 to ........ 6/0 
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A Practical Treatise on Handrailing; 

Showing New and Simp e Meih >ds. By Geo. Colli ngs. Second Edition, 
Revised, including a Treatise on Staikblilding. With Plates . 2/6 

Circular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Third Edition 2/6 

Roof Carpentry : 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. By 
E. Wyndham Tarn, M.A., Architect. Third Edition . 1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With 160 Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By George 
H. Blagrove. With 31 Illustrations 1/6 

The Timber Importer’s, Timber Merchant’s, and 
Builder’s Standard Guide. 

By R. E. Grandy 2/0 


Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . 3/6 

Ventilation: 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Blchan, R.P., Author of “ Plumbing,” &c. With 170 Illustrations 3/6 


The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kemp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . 5/0 

*** The above , cloth boards, strongly bound , 6/0 


A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Edition, enlarged, by Elus A. Davidson. With Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Huuses.Stc. By James W. Facey. Illustrated 2/0 


Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorame Design. By J ames W. Facey 

2/6 

*** The last tivo Works in One handsome Vol , half-bound , entitled “ House 
Decoration, Elementary and Practical,” price 5 / 0 - 


Portland Cement for Users. 

By Henry Faij\, A.M.Inst C. E. I bird Edition, Corrected . . 2/0 

Limes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Iil knell C.E. Fifteenth Edition . 


. 1/S 
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Masonry and Stone-Cutting. 

The Principles of Masonic Projection and their application to Construction 
By Edward Dobson, M.R.I.B.A 2/6 

Arches, Piers, Buttresses, &c. : 

Experimental Essays on the Principles of Construction. By W. Bland. 

1/6 

Quantities and Measurements, 

In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhangers’, 
Gilders’, Smiths’, Carpenters’ and Joiners’ Work. By A. C. Bea ion 1 1 S 


The Complete Measurer : 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
Horton. Sixth Edition ......... 4-/0 

*** The above , strongly bound in leather , price 5/0* 

Light : 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wynd- 
ham T-vrn, M.A., Author of The Science of Building,” &c. . -1/6 

Hints to Young Architects. 

By George Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. Huskisson Guillaume, Architect 3/6 


Architecture — Orders : 

The Orders and their ^Esthetic Principles. By W. H. Leeds. Illustrated. 

1/6 

Architecture— Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

*** Orders and Styles of Architecture, in Cne Vol., 3/6- 


Architecture— Design : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect Illustrated 2/6 

*** The three preceding Works in One handsome Vol., half bound , entitled 
“ Modern Architecture,” price 6 0- 


Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By George Pwe .... 2/0 


Architectural Modelling in Paper. 

By '1. A. Richardson. \\ ith Illustrations, engraved by O. Jewitt \ /Q 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr Gessert and Emam i u Otto Fromberg. With 
an Appendix on The Art of Enamelling . ... 2/6 

Vitruvius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F,S A . 
F.R.A.S. With 23 Plates ......... 5/0 

N.B.—Tkis is the only Edition (t/Witruvils procurable at a moderate price. 


Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Ait in Greece. By the Earl of Aberdeen *| JQ 
* The two preceding Works m One handsome Vol., half bound , entitled 
“Ancient Architecture,” pnee 6/0. 
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INDUSTRIAL AND USEFUL ARTS. 

Cements, Pastes, Glues, and Gums. 

A Guide to the Manufacture and Application of Agglutinants. With 900 
Recipes and Formula. By H. C. Standage ..... 2/0 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q.C. (Lord 

Grimthorpe). Seventh Edition <4/6 

Electro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged 
and revised including the most Recent Processes . .3/6 

The Goldsmith’s Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining. Recovery of Waste, Solders, Enamels, 
&c., &c. By George E. Gee. Fifth Edition 3/0 

The Silversmith’s Handbook, 

’ On the same plan as the Goldsmith’s Handbook. By G. E. Gee. 3/0 
*** The last tivo Works, in One handsome Vol , half -bound, 7 / 0 * 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By Geokgi E. Gee . . 3/0 

French Polishing and Enamelling. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, &c. By R. Bn mead . -1/6 

Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition. Reused, with Additions 2/6 

Coach-Building ; 

A Practical Treatise. By James W. Burgess. With 57 Illustrations 2/6 

The Cabinet Maker's Guide 


To the Enure Construction of Cabinet-Work. By R. Bitmead . 2/6 

The Brass Founders Manual: 

Instructions for Modelling, Pattern Making, &c. By W. Graham . 2/0 

The Sheet-Metal Worker s Guide. 

A Practical Handbook for 'Imsmith-, C«»F»i»tismith*s Zincworkers, &c., with 
46 Diagrams. By W. J. E. Ckane Haul Tuition, revised . -1/6 

Sewing Machinery: 

Its Construction. History, &c. With full Technical Directions for Adjust- 
ing, &c By J. W. U R<jU hart, C.E. 2/0 

Gas Fitting : 

A Pi actical Handbook. By John Bi \ck. New Edition . . 2/6 

Construction of Door Locks. 

From the Papers of A. C Hobbs. 1 u led by C. Tomlinson, F.R.S. 2/6 


The Model Locomotive Engineer, Fireman, and 
Engine-Boy. 

By Mlcl AEI R t\ NOLDS ........ . 3. 6 

The Art of Letter Painting made Easy. 

By J. G. Badlnoch. With 12 fuli-pagj Engravings of Examples . 1/6 

The Art of Boot and Shoemaking. 

Including Measurement. Last -fitting, Cutting-out, Closing and Making. By 
John Bedford Lf.no. With numerous Illustrations Fourth Edition 2/0 

Mechanical Dentistry : 

A Practical Tieati-e on the Construction of the Various Kinds of Artificial 
. Dentines Bv l h\ries Hinie*. Fourth h dition . . . 3/0 

Wood Engraving : 

A Praitn .»l .uni La-y Introduction to the Art By W. N. Brown . \ / 9 

Laundry Management. 

A Handbook for Use in Private and Public Laundries . . . 2/0 
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AGRICULTURE, GARDENING, ETC. 


Draining and Embanking : 

A Practical Treatise. By Prof. John* Scott. With 68 Illustrations 1 /Q 


Irrigation and Water Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. \\ ith 34 Illustrations ] /Q 

Farm Roads, Fences, and Gates: 

A Practical Tieati-e on the Roads, Tramways, and Waterways of the 
Farm, the Principles of Enc ! osures; and the different kinds of Fences, 
Oates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 / 6 

Farm Buildings : 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Barn Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing' 
barn, Stockyard, Dairy, &c. By Prof. J. Scoit. With 123 Illustrations. 

2/0 

Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, <nc By Prof. John Scott. With 138 Illustrations 2/0 

Agricultural Surveying : 

A 'Ireatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 62 Illustrations . 1 / 6 


Farm Engineering. 

P»y Professor John bCOTT. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . . 12/0 


Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of Landed Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

*** The above Two IS ols. in One , handsomely half-bound^ price 6/0 


Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 


Farming and Farming Economy. 

(Vol II. Outlines of Modern Farming.) By R. Scott Burn 3/0 

Stock : Cattle, Sheep, and Horses. 

(Vol. III. Outlines ok Modern Farming.] By R. Scott Burn 2/6 


Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Reclamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modern Farming. 

By R. Scott Bi kn C nsi-ting of the above Five Volumes in One, 
1,250 pp., profusely Illustrated, half-bound ... j 2/0 
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Book-keeping for Farmers and Estate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman*. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Corn Merchant’s, and Farmer’s Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. Hutton, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steele 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers’ Meat. 
By John Ewart 2/6 

Sheep : 

The History, Structure, Economy, and Diseases of. By W. C Spooner, 
M.R.V.S. Fifth Edition, with fine Engraving* . . 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of “ Gardening Illustrated . . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glen ny. Illustrated 1/6 

Cottage Gardening: 

Ur Flowers, Fruits, and Vegetables for Sm ill Gardens. By E. Hobday. 

1/6 

Garden Receipts. 

Edited by Charles W. Quin 1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Urkml Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts ........... 3/6 

The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner : 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1/6 

%* The above Two Vols. in One, handsomely half -bound , price 3/6. 

The Art of Grafting and Budding. 

By Charles Baltet. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 

Descriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometricai Projection. By J . F. Heat her, 
M.A \\ ith 14 Piatcs . 2/0 

Practical Plane Geometry : 

living the Simpler Modes of Constructing Figures contained in one Plane 
and Geometrical Lunsiiuction of the Ground. By J. F. Heather, M.A 
With 215 Woodcuts 2/0 

Analytical Geometry and Conic Sections, 

A Rudimentary Treatise on. By James Hann. A Xew Edition, re- 
W'ritten and enlarged by Professor J . R. VOLNG . . . -2.0 

Euclid (The Elements of). 

With many Additional Pr> .positions and Explanatory Notes; to which is 
prenxed an Introductory lN-ay on Logic By Henry Law, C.E. . 2/6 

Solti a i&o separately , viz : — 

Euclid. The First Three Boohs. By Henry Law, C.E. . . .1/6 

Euclid. Boohs 4, 5. 6, 11, 12. By Henry Law, CE. . . 1/6 

Plane Trigonometry, 

The Lleuie its of By James Hank. 1/6 

Spherical Trigonometry, 

Inc Elements of. By James Hanx. Revised by Charles H. Dow- 
ling, C.E 1/0 

Orzo.tu " The Elements of Plane Trigonometry," in One Volume, 2 6 

Differential Calculus, 

Elements of the. By W. S. B. WoolhousE, F.R.A.S.,&c. . .1/6 

Integral Calculus. 

By Humeksham Cox, B.A. .... 1/6 

Algebra, 

The Elements of. By J \mes H addon, M.A. Willi Appendix, containing 
Miscellaneous Investigations, ami a Lollection of Problems . . 2/0 

A Key and Companion to the Aboye. 

An extensive Repository of bolvcd Example® and Problems m Algebra 
By J. R. YulXG ... 1/6 

Commercial Book-keeping. 

With Commercial Phiases and Forms in English, French, Italian, and 
German By James H vddon, M.A. . . . . . . -1/6 

Arithmetic, 

A Rudimentary Treatise on With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice l or the Use ut >ehools 


and for belf-lus*ructi jn. U> J. R \oUNG, late Professor of Mathein.it ils 
in Belfast College. '1 hirteenth Edition . . . . . -1/6 

A Key to the Above. 

ByJ. R. VotNu .... -1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce; with various Tables by which all Calculations may be greatly 
facilitated. By W. HirsLEY 1/6 

Arithmetic, 

Rudunentarv, for the Use of ‘srhnols and Self-In-ti Uotiun By J vme 
H addon, M.A Revised by Aukaii a .1 Arman . . -1/6 

A Key to the Above. 

By A. Arman 


. 1/6 
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Mathematical Instruments : 

Their Construction, Adjustment, Testing, and Use concisely Explained. 
By J. F. Heather, M.A., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Walmisley, 
M.I.C E. Original Edition, in i v-l , Illustrated .... 2/0 
%* In ordering the above , be careful to say “ Original Edition” or give the 
number in the Series ( 32 ), to distinguish it from the Enlarged Edition in 
3 vols. (as follows ) — 

Drawing and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Meastucment of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. . 1/6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Heather, 
M A. Illustrated 1/© 

Surveying and Astronomical Instruments. 

Including — I Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations By J. F. Heather, M.A. Illustrated . . *1/6 

*** The abcn'e three volumes form an enlargement of the Author's original -work, 
“ Mathematical Instruments'' price 2/0- (Described at top of page ) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather. M.A. Enlarged Edition, for the most part entirely re-written. 
The Three Parts as above, in One thick Volume. .... 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
C E With a Slide Rule, in tuck of cover Seventh Edition . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations By Henry Law, C.E. Revised Edition . . . 3'0 

Compound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c , in all their Applications and Uses for Mercantile 
and State Purposes. By Fedor T homan, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law , C E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition . 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 
Third Edition 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. Lynn, F.R.A.S. . . 2/0 

Statics and Dynamics, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, C.E. 
Fourth Edition . ... ... • 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide fur Visitors to Public and Private Picture Galleries, and fm 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippe Daryl, B.A. 2/8 

Painting Popularly Explained. 

By T. J Guii.ick, Painter, and John' Times, F.S A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. bixth Edition 5 0 

A Dictionary of Terms used in Architecture, Build- 
ing - , Engineering, Mining, Metallurgy, Archae- 
ology, the Fine Arts, &c. 

By John Weale. Sixth Edition. Edited by R. Hint, F R S. . 5/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples, By 
Charles Child Spencer 2 6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 

Charles Child Spencer 1/§ 

The House Manager. 

A Guide to Housekeepmg, Cookery, Pickling and Preserving, Household 
Work, D.urv Management, Cellarace of Wines, H -me-brewing and Wine- 
making, Gardening, Me. By An Old HoisEkEkPbK . . 3/6 

Manual of Domestic Medicine. 

By R. G'h»di\ ,, M D. Intended as a Family Guide in all cases of 

Accident and Emergency . 1 bird Edition, caiefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /Q 


Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . -1/6 

The Elementary Principles of Electric Lighting. 

By Alan A. Campbell Suin’ ion, M.Inot.C E.. M I K.K Fourth 
Edition, Revised [ Just l' noli shed \ '6 

The Electric Telegraph, 

Its History and Progress By R. Sabine, C.E., F.S. A., &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knoll ys, F.R.G S. With 163 Woodcuts . . 3/0 

Logic, 

Pure and Applied. By S. H Emmens. Third Edition . . *1/3 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . . -1/6 


The Compendious Calculator 

(Intuitive Calculations'. Or Ea**y and Concise Methods of Performing the 
various Arithmetical Operations required m Commercial and Business 
Transactions ; together with Useful Tables, &•;. By Daniel 0 G<>km \ n. 
Twenty-seventh Edition, carefully revised b> C Nokkis . . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. Woolhouse, F.R.A S , F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarke, D.C.L. Fifth Edition. . . . 1/0 

Dictionary of the English Language. 

As Spoken and Written. Containing above 100,000 Words. By H'DE 

CLAkKE, D.C.L 3/6 

Complete \ with the Grammar, 5/6 . 

Composition and Punctuation, 

Famdiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brenan. iStn Edition 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. P«y 
G. L. Stralss, Ph.D. 1/0 

English-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, & c. 
By Alfred Elmls . 2/0 

French Dictionary. 

In two Parts— I. French-English. 11 . English-French, complete in 

One Vol 3/0 

*,* Or wtth the Grammar, 4/6- 
French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Fanuuar Dialogues . . . -1/6 

German Grammar. 

Adapted for English Students, from Heyse’s Theoretical and Practical 
Grammar, by Dr. G. L. Strauss . i/s 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. Oerman-French-English. Part II. 
Enghsh-German-French. Part III. French-German-English . , 3/0 

German Triglot Dictionary. 

(As above;. Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged m Twenty Lessons, with Exercises. By Alfred Elwes. 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are care r ully 
noted down. By Alfrfd Elwes. Vol. I. Itahan-Liiglish-French. 2/6 


Italian Triglot Dictionary. 

By Alfred Elwes. Vol. II. English-French- Italian . . . 2/6 

Italian Triglot Dictionary. 

1’y Alt Kt[j Elwes. Vol. 111 . FienchTtaiian-English . . . 2/6 

Italian Triglot Dictionary. 

(Asabotej. In One Vol T/6 

Spanish Grammar. 


In a Simple and Practical Form. With Exercises. By Alfred Elwes 1/6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c , with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

%* Or with the Grammar, S Q- 
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By Alfred Elwes 1 IQ 

Dic- 


Portuguese Grammar, 

In a Simple apd Practical Form. With Exercises. 

Portuguese -English and English -Portuguese 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Third Edition, revised ... .... 5/0 

%* Or with the Grammar, 7 / 0 - 


Animal Physics, 

Handbook of. By Dionysius Lardner, D.C.L. With 520 Illustrations. 

In One Vol. (732 pages), cloth boards 7/6 

Sold also in Two Parts , as follows l — 

Animal Physics. By Dr Lardner. Part I., Chapters I — VII. 4/0 
Animal Physics By Dr. Lardner. Part II , Chapters VIII. — XVIII. 

3/0 
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